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RECORDS OF 
THE SURVEY OF INDIA 


PART I.—TOPOGRAPHICAL SURVEY. 


NORTHERN CIRCLE. 


(Vsde Index Maps 1 and 4.) 


Four field parties worked in this Circle, and in August 1918, a new Party, 
No. 20, was formed from the Cantonment Section of No. 4 Party, and during 
the past field season a total area of 27,240 square miles was surveyed consisting 
of :— 


Sq. Miles 
Survey l-inch : . . - 8,516 
Resurvey and Suoplanentary Survey en : : ; . 5,460 
Revision Survey 2-inch, 3-inch aod 4-inch ‘ ; : ; 253 
Revision Survey 1-inch , : ‘ ; - 11,291 
Revision Survey }-inch and j-inch . : ; ° - 1,720 


The Riverain Detachment carried out a total of 7,238 linear miles of 
chaining over a total area of 2,924 square miles, in the Riverain work, the 
Khushab Thal, the Kangra experimental boundary work and Lower Bari Doab 
Rectangular. No. 20 Party surveyed an area of 11,539 acres in various 
Cantonments during the year. 

Major C. H. D. Ryder, D.S.0., R.E., was in charge of the Circle up to 
16th April. 1918, and was succeeded by Major C. L. Robertson, C.M.G., R.E., 
who held charge up to the end of the Survey year. 


No. 1 PARTY (KASHMIR), 
By Magor A. A. McHara, B.E. 


The head-quarters of the party remained at Srinagar (Kashmir) ¢ till the 
9th of April 1913 after which date they 
eoneescee were removed to Mussoorie. 
Imprrial Officers. The area under: survey lay in the 
Major F. W. Pirrie, I.4., in charge from the 1st of Kashmir and Jammu State, partly in the 


October 1912 to 12th of April 1913. ee 
Major A. A. McHarg, K.E., in charge from 6th o _ - o- 
Way to 80th of September 1918 aa ae and _ ear Riasi, and 
Lieutenant K. Mason, R.E., attached from the 1st to ammu distric nD ri . 
the 13th of October 1912. tricts and vari ees the low 
lying flat country bordering on the 


Provincial Officers. Punjab to the high ranges of the Pir 


Mr. H.H.8B. Hanby, in charge from the 13th of 


ap aPtil we the Sth of May 1918 Panjal and partly in the open mountain- 

Mr. D. K. Rennick. ous tracts of the Kargil and Skardu tahsils 

Mr W. J.B. Miller. of the Ladakh districts and the Astor 
Upper Subordinate Service. tahsil of the Gilgit district. 

Mr. Sher Jang, K.B. Operations in the field (with the — 

Mr. Natha Singh, B.S. 

Mr. Lal Singh, B. .B., to 30th of June 1918. ~ tion of a short break lasting roughly one 

Mr. Jamns Prasad. month in October and November 1912) 
Lower Subordinate Service. and map drawing continued throughout 

$2 Surveyors, etc. the year. 
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Topography.—The area surveyed on the scale of 1 inch=1 mile was 3,091 
square miles. One camp with 8 surveyors under the successive charge of 
Messrs. Hanson, Miller and Rennick was eee 

ee 43 TR A SaaT TAT TTS and 43 ,,4,- were completed, and sheets 
eenq7 and 43 “will be completed by the end of October 1913. 

Sheet 43 -f ca also been partly surveyed, but “a not be completed until 
the next summer season. 

In addition arcas of 684 square miles in sheets 43 554;; and ={4 on the 
half-inch scale and 1,036 square miles in sheets 43 5-3, \y2,a3¢ On the quarter- 
inch scale have also been revised. 

Tyiangulation.—Messrs. Kennick and Miller triangulated an area of 1,555 
square miles for future detail surveys on the one-inch scale. The total area 
triangulated in advance is now 4,065 square miles qr roughly 16 standard sheets. 

Traversing.— Messrs. Rennick and Jamna Prasad ran 193 linear ae 
of height traverse in the flat country ot the Jammu district in shects 43 


Ad 


where no triangulation had been found possible nor any previous eM 
ever carried out. 
Recess duties.—During the year sheets 43 -/-, ;=,,, —{- and -°_ were 
submitted for eeemaeages 
Sheets 43 -"- and —|- by Mr. Hanby and 
Sheets 43 e and +. by Mr. Hanson. 
The following shone be Se ei by the end of October 1913 :— 
Sheets 43 —3- ~ —2- under Mr. Hanby and 


8 
Sheets 43 - 


“2,6, a 6, 10 and 14 under Mr. Hanson. 


Cost Rates.— 


l-inch detail survey : : ; . Rs, 16-8 per sq. mile, 
}-inch revision survey , . . » » BB, 5 ” 
4-inch ” ” ° : ” 13 99 2? oF) 
Triangulation for l-inch detail survey . gi AOU op. -52 ‘ 
Fair mapping. : ; : — 9» 82, yy yy 

: Traversing 2 ‘ ‘ ° ° 53 16°8 ” linear ” 


The total cost of the party was Rs. 1,29,425. 

The health of the party during the winter field season was good, and 
during the summer season fair. Surveyor GarJman Ray unfortunately died in 
September 1913, and Mr. Natha Singh and surveyor Ram Saran were sent on 
leave on account of ill health. 


The party was twice inspected by the Superintendent, Northern Circle, 
and once by the Surveyor General. 


No. 2 PARTY (PUNJAB). 


By Major E. A. Tanpvy, R.E. 
All work lay in the plains of the Punjab in Ferozepore, Ludhiana, and 


PERSONNEL, neighbouring districts with the western 
Imperial Officers. -77-°- ; 
art of th 
Major E.A. Tandy, R.E, in charge upto 1th © the Philkian States, except for ] 
Sune. sheet on the Hoshiarpur border which 


Lieutenant A. A. Chase, R.E., in charge from 18th : ; i. Soe ; 
June. contained a bit of Siwalik hills. 
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Topography.—The following 36 one- 


Prorinctal Officers. 
inch sheets were surveyed and fair drawn 


Mr. &. B. Powell, from 9th Juna 1913. 


i EASE to 13th April 1913. . :; 
a ee during the year:— all sheets in 44 J 
. RR. E. Saubolle. ‘ K a M 

» E.C. O'Sullivan, and 4% N, 44 9413? 44 | and 4-4 i 
» J. McCraken. ie : 

» H.T. Hughes up to 27th April 1913. Siving an area of 9,246 square miles. 

ao Deke velyert: Also a 6-inch survey of Maler Kotla 

bordinat ‘ce. , 
TE i ai and environs, at the cost of the State, area 

65 Surveyors, etc, in field. : 
Average 28 in recess (excluding ab-entees). nearly Li square mules. 


One surveyor was sent to Dera Ghazi Khan for,a month to sketch in the 
great alterations due to encroachments of the Indus, for incorporation in the 
degree sheet of that area. Two or three surveyors were lent for short periods 
to help No. 3 Party with their traversing and plotting in the field. 

No traverse or triangulation was done, as old traverse data will be avail- 


able for next season’s work. 


Survey methods.—Sheet 44 + was revised by one surveyor in five months 


using old contoured sheets, as published in black on 4-inch and 2-inch scales. 
These revised sheets were photographed down to the 13-inch scale for fair 
drawing by transfer. 

The south-eastern sheets, falling in, the Phalkian States, were based on 
new and rather inadequate traverses hurriedly done by No. 3 Party in the 
earlier part of the season. The party had to await the completion of the_ 
traverse before entering on this ground. Results contained occasional 
inaccuracies up to 10 chains, but these were for the most part well 
distributed. 

All other sheets were done by revising mounted blue prints of the old 
l-inch maps. The distortion due to mounting these blue prints caused the 
usual slight inaccuracies of scale everywhere. 

No heights or contours were observed in the plains, though the southern 
portions, nearer the Bikaner desert, have sensible undulations with sandy 
outcrops. Irrigation however extends over most of the area, and where this 
is the case contoured canal maps are available. These contours though accu- 
rate in a large sense are not always topographically satisfactory in shape, so 
their information was only used to the extent of abstracting heights for the 
higher and lower parts of undulations, and entering these as clinometer heights 
on the fair slhieets. 

Ferozepore and environs was revised on a 3-inch pantographed reduction 
of old large-scale work; this being photographed down to the 1}-inch scale 
for fair drawing. Several important towns were also surveyed on the margins 
of plane-tables on the 13-inch scale, which enabled them to be drawn in much 
ereater detail, especially in the case of inferior surveyors. 

The Maler Kotla 6-inch survey was based on scanty traverse done for the 
l-inch work, but fair accuracy was secured by fixing good plane-table points 
over the work before surveying. Slight modifications of the usual colour 
conventions were required in order to mect the necessity of showing boundary 
walls and hedges along roads, etc. 

No heights or contours were taken. 

Personnel.—The staff of the party was temporarily increased during 
the field season by 11 surveyors, of ‘whom 7 were old soldier-surveyors 
recalled from their regiments, and not quite up-to-date in their methods. 


Three Rurki-trained soldier-surveyors also joined for instruction. 
B2 
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The sad death of Mr. H. C. H. Cooper from pneumonia in November was 
a great loss to the party. There were a few cases of small-pox, including 2 
surveyors, and some bad cases of pneumonia. 

Recess duties —The completion of the large outturn of fair drawing 
was only rendered possible by sending an advance section to recess early 
in March with the first 22 sheets, when the remainder of the party moved 
into the Philkian States. | 

Instead of taking 14-inch blue prints from the 1-inch plane-tables direct 
and having to transfer and adjust these ou to the fair sheet, a modification of 
the Southern Circle’s method of traces was tried, as follows :— 


A complete trace was prepared for each sheet on the 1-inch scale, show- 
ing graticules, guide lines for marginal typing, and all detail in 
single lines (no railway or boundary symbols or double lines). 
These traces were then photographed up to the 13-inch scale and 
printed direct on to the drawing paper. The arrangement proved 
very satisfactory. 


The bulk of the fair drawing was done by three drawing sections and a 
typing section, the former first doing outline and then passing on to the typing 
section, after which they completed.the ornament of their own sheets, Each 
section had to examine and correct each stage of a sheet before passing it on 
for the next stage; and to ensure this being thoroughly done an extra officer 
was detailed as examiner, and had to pass each sheet before it was transferred 
to the typing section or returned back from it. This ensured every stage 
having two good examinations before the sheet was done, which is a great 
advantage in dealing with such a large number of sheets, as it reduces 
enormously the amount of correction and delay in passing the sheets at the 
end of recess. 

In addition to these 36 one-inch sheets and the Maler Kotla map (which 
was drawn on two 8-inch sheets for reduction to 6-inch), three sheets of 
Lieutenant Chase’s Nepal boundary work were drawn ; as well as the compila- 
tion and fair drawing of village boundaries for a boundary edition of the 
1-inch sheets of Amritsar district. A ‘ general” section was detailed for all 
this special work, and miscellaneous duties. 


Sheet 44 =. was the only part of the work not quite completed by the end 
Of recess. 


No. 3 PARTY (PUNJAB). 
By Mr. J. O. Greirr, 
The party was originally intended for work in the United Provinces, in 


PERSONNEL. continuation of the previous year’s pro- 
Imperial Officers. gramme. But early in September it was 
Captain M. N. MacLeod, R.E., decided to move the party into the Punjab, 
in charge up to 11th April 1918. f d 
Lieutenant A. A. Chase, R.E., s to undertake the survey of a particular area 
attached up to 31st December 1912. ; 7" : 
Viena FE Boo required by the Irrigation Department. 
attached up to 24th May 1918. With the exception of a strip of hills in 
Lieatenant R. S. Wahab, I.A : 
attached up to 11th July 1913. the north, the nature of the country sur- 


veyed was flat. 
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Provincial Officers. ‘The health of the party was good. 
Mr. J. O. Greif, 
in charge from 12th April 1913. Topography.—The country surveyed 
Mr. W. J. Newland, comprised parts of the districts of Ambala 
up to 19th September 1913. : : 
Mr. E. J. Biggie. and Karnal, and the eastern portions of 
Mr. A. C. Bose. the Phalkian States of Patiala, Nabha, 
Mr. P. A. T, Kenny. and Jind. Practically the whole of this 
amend ates area, except for the foot-hills of the 
Mr. F. H. Grant. oR? 
_ Mr. F. J. Grice. Punjab Siwaliks in the north, is part of the 
Mr. Mogimuddin, Indo-Gangetic alluvium plain. It is in- 
from 23rd October 1912. : ; oe 
tersected by many hill torrents, the princi- 
Upper Subordinate Service. : ss 
Mr. Mahomed Lut Ali. pal being the Ghaggar, Markanda, and 
Mr. Mahindar Singh. Saraswati. The Sutle}] and the Jumna 
Lower Subordinate Service. rivers also intersected the north and south- 
61 Surveyors, etc. east limits of the work. The greater part 


of it is cultivated, and much of it irrigated by the Sirhind and Western-Jumna 
Canal systems. Generally speaking it is well wooded, dak being the chief 
growth. 

The party was divided into six camps, under i ieceiuish Wahab, and 
Messrs. Newland, Biggie, Kenny, Drake and Grice. Later in the season two 
small sections were formed, and placed under sail Bose and Grant. The 
iene surveyed by _ camp were (i) sheets 584m; 44 333 (ii) 53,%,; 
53 ca533 (ii) 53 sae : (iv) 5345, half of 534-1 and 53 x33 (v) 58,-2 4, 
half of 53 ¢ .,1a3 (vi) 5347-3 584; and Mr. Bose 53 §; Mr. Grant 53,°,. 

The work consisted partly of scgien survey and partly new survey, on 
the scale of one inch to a mile. 

In Ambala blue prints of the last published 1-inch sheets were used. In 
Karnal the old sheets were found to be of not so good a quality, and so reduc- 
tions of recently prepared settlement 4-inch maps were used, the detail 
being transferred on to the plane-tables by making each village fit with its 
plotted trijunctions. Except for topographical features, these were found 
fairly correct. : 

There is a serious discrepancy between the Ambala and Karndl traverses 
along the common boundary, the hest possible adjustment has been made- 
The error is probably due to the traverses not being sufficiently connected with 
triangulation. 

In the Philkian States the work was entirely new, based on traverse data. 

It was found that the graticules on published l-inch sheets did not agree 
with those plotted from rectangular values, the errors amounting to as much 
as 6 chains. The difference has been eliminated in the fair maps, but the 
point is worthy of notice for future guidance. 

The outturn of the party for the season 1s as follows :— 


l-inch revision survey ; : - 4,960 sq. miles, 


l-inch new survey : : ; : . 2,764 _,, 


Tora. © 7,724 ,, 


The cost rate per square mile was Rs. 10°6 and Jis. 11°5 respectively. 

Traversing.—The area traversed comprised ths spoure States of paula, 
Nabha ene Jind, in sheets BS a saa7 aie, b3 Ps c paced 
44,5, 6, : 9, 13, 149 44% » 447 


3, 4, 7, 8, 10, a , 12, 14, 16, 169 
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Lieutenant Scott was placed in charge of the section, and to it were - 
attached also Messrs. Grant and Moqimuddin. 

As no maps were available to indicate the positions of the village trijunc- 
tions, it was decided to cover the whole arca with a “gridiron” of traverse 
running approximately along 5’, minute graticule lines, and to tie it all to- 
gether, and to the G. T. stations available, by a network of main traverses, run. 
with a crizoline tape, along railways, main roads, etc. 

The total ares traversed was 6,058°28 square miles at a cost rate of 
Rs. 4°16 per square mile. 

Recess duties.—The whole of the area surveyed, comprising thirty 1-inch 
sheets, has heen mapped during recess, and will be submitted for publication 
before the end of November. 

The party was divided into seven sections and employed . follows :— 

(i) Mr. Newland, fair mapping of sheets 533-5, 63 [+ 
(ii) Mr. Biggie, sheets 53 ,- ine 58 ap 4455. 
(iii) Mr. Bose on the revision and completion of the traverse compute- 

tions, and preparation of data for the coming field season, 
(iv) Mr. Kenny, fair mapping of 58 qa, 53823 
(v) Mr. Drake, 538>-35 3 a 
(vi) Mr. Grant, in charge of the typing of oe the fair shects. 
(vii) Mr. Grice, fair mapping of 53 1,, 53; 53, 53%. 

An advance section opened at Mussoorie on the Ist April. An attempt 
was made to obtain blue print enlargements on the 11-inch scale direct from 
the field sheets, but this was found to be impracticable owing to the irregular 
distortions in the dimensions of the field sheets. So line traces were made of 
the ficld sheets, and fitted on to a Bristol board or sheet of drawing paper within 
correctly projected graticule lines and the blue print enlargements made from 
these. 

A new kind of type ink, Edward Shackell’s No. 1 Black Process Proving 
ink, was tried this year with very satisfactory results. 

The cost rate of the fair mapping is Rs, 4°3 per square mile. 


Ae 


No. 4 PARTY (UNITED PROVINCES). 
By Cartain L. C. Tocrrrier, I. A. 


The field head-quarters of the party 


PERSONNEL. Se 
. opened at Fyzabad on 21st October 1912 
Imperial Officers. ; . 
Captain L. C. Thuillier, 1. A., in charge. and closed on 5th April 1913; the recess 
Provincial Officers. head-quarters continued at Mussoorie. 
Mr. H. W. Biggie. . en ae : 
Vee Topography.—The programme of this 
Mr. C. E. C. French. ; = 
lag ah cae ete work consisted o survey on 1 face scale 
M G. E, R, Coo er, ’ eeet ‘ BR okey Mie sf et 
ve DaiieChani Puri. of sheets 63 in, 63 1, 2, 3, 4, 6, 6, 7, 8, 9, lo, 11, 12,13 
Dippet Subcedindle Benton: and supplementary survey only of sheets 
. A E A 
Mr. Mohammad Husain Khan. 63 irk} 63 6, 10711, i514, 18 Sheets 63—— and 
‘ Suh di te Se vice. E 
eee ete anes e 63 j- were subsequently cut out of our 
68 Surveyors, etc. 


programme. 

The whole aroa for survey lay in the districts of Hardoi, Bahraich, Gonda,. 
Lucknow, Bara Ranki, Rae Bareli, Fyzabid, Sultanpur, Partabgarh and 
Fatelipur. 
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Surveyors were divided into four camps under Messrs. H. W. Biggie, 
‘G. J. 8. Rae, J. C. Lears and G. E. R. Cooper respectively. 

During the field season six soldier-surveyors were attiched to the party 
to replace surveyors transferred to Nos. 2 and 3 Parties. 

These soldier-surveyors had already done a first period of training in the 
Survey of India and so were not attached for training but simply to supple- 
ment the surveyors of the party who had been reduced by transfers to Nos. 2 
and 3 Parties. 

Three of these soldier-surveyors were found useful and hardworking field 
surveyors and their services have been asked for again. ‘The other three men 
were found slow and incompetent. 

The average rate of plane-table (excluding the time taken in marching 
to their work) was 25-2 square miles per mensem for resurvey and 49°9 square 
miles per mensem for supplementary survey. 

Traversing.—This only consisted this season of running supplementary 
lines of traverse where it was found that surveyors were short of points on 
which to adjust their work. 

The country under survey consisted for the most part of similar country 
to last season, viz.:—a flat plain generally well cultivated and interspersed 
with an abundance of groves and occasional stretches of ‘“ Usar”’ plains. 
Along the Gogra River occurred a tract of country at lower level than the 
surrounding plain in which the river swings from bank to bank changing its 
course nearly every rains. 

The chief rivers in the ares under survey were a small portion of the 
Ganges River in the south-west corner of the work, the Gogra River along 
the centre of the area, and halfway between the Ganges and the Gogra the 
Gumti River. In the north-west corner of the work the Rapti River ran 
through a couple of sheets. 

Recess Duties.—All fair maps of sheets surveyed during field season will 
be completed and sent for publication before the end of October. 


The health of the party was good throughout the season. Plague again 
appeared throughout the area under survey but no cases occurred among mem- 
bers of the party. 


No. 20 PARTY (CANTONMENT), 


By Mr. A. EwIna. 


During the year this party was formed by order of the Government of 
Pensomne: India to survey cantonments and towns 
Provincial Officers. on large scales. And it was decided that 

Mr. A. Ewing, Deputy Superintendent in charge, . 
gn ie weoie the Cantonment Section of No. 4 Party 
Mr. C. E. C. French, xtra Assistant Superintend- Was to be the nucleus of the new party, 


eut, from lst October 1912 to 7th July 1913. ° ‘ 
and its strength gradually increased b 
Upper Subordinate Service. d . 8 h 8 dual y . sed y 


Mr. Dharma. recruiting pupil-surveyors, and by trans- 
Lower Subordinate Sercice, ferring soldier-surveyors from other par- 
12 Surveyors, etc. ties. 


These soldier surveyors are to be trained for a further period of two years 
in this party and are then to be transferred to the Military Works Depart- 
ment to revise and keep up to date all cantonment plans that have been com- 
pleted by the Survey Department. 
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On 1st March 1918, Mr. A. Ewing, Deputy Superintendent, was transferred 
from the Southern Circle Drawing Office to the charge of No. 20 Party with 
orders to increase the number of surveyors in the Cantonment Section. 

From lst August 1918, after reappropriation of budget allotments, this 
party was transferred from the administrative control of the Superintendent, 
Southern Circle, and was placed under that of the Superintendent, Northern 
Circle. 

After the completion of the survey of Quetta Cantonment, Quetta Civil 
Station and Quetta Fort, which were then in hand, orders were received to 
survey Saugor and the areas under cultivation within the cantonment bound- 
ary. Early in January 1913, a surveyor was sent from Quetta to Saugor to 
triangulate and traverse that cantonment. In February three surveyors left 
Quetta to help in the traversing and to do the detail survey after the travers- 
ing was completed. The survey of Saugor was completed in June, and from 
July to September the party was employed at Saugor, the field head-quarters, 
on the fair mapping of the Quetta and Saugor plans, 

An extension of Delhi New Cantonment Area which was surveyed on the 
4-inch scale the year previous was urgently wanted, and Mr. C. E. C. French 
with two surveyors were employed on this work in February and March, and 
its fair mapping was completed in June. | 

In and round Saugor eight stations were fixed by triangulation by Gokul 
Chand, surveyor, with a 6-inch theodolite and the traversing of that canton- 
ment was based on these stations, and angles of elevation and depression were 
observed at every traverse station, from which their heights were computed. 
Also eight stations were fixed by triangulation for Guna Cantonment with 6-inch 
the dolite by Mr. A. Ewing and Gokul Chand. Two trigonometrical stations, 
viz., Saugor and Hatni of the Calcutta Longitudinal series and Karachi Longi- 
tudinal series, were visited and found in good order. 

In February the field head-quarters were moved from Quetta to Saugor 
and on the completion of the survey of Saugor three surveyors and one drafts- 
man were granted privilege leave. Eighteen sheets of Quetta Cantonment are 
nearly completed, and will soon be sent for publication ; two sheets of Quetta 
Civil Station, two sheets of Quetta Fort and six sheets of Saugor Cantonment 
are in hand. Owing to both draftsmen suffering from writer’s cramps, one of 
them had to take leave, and the completion of the fair mapping of last season’s 
work has been delayed. All the fair mapping will be finished by the end of 
December when the detail survey of Guna will be completed and its fair map- 
ping taken in hand. 

The detail survey was checked by 10°41 linear miles of partal and from 47 
fixings by Mr. C. E. C. French, and nearly all the detail survey of Saugor was 
checked by the Officer in charge. 

The areas triangulated, traversed, surveyed and mapped are :— 


Acres. Cost per acre. 
Triangulation , ; e ; : : 52,288 Rs, 0°02 
Traversing ; 3 , : ,; ‘ ; 4,015 » 0°89 
Detail survey 4-inch scale . : . , : 5,280 » 0°37 
ge ABO gp yh 4 ° ° : ; 6,164 » 1°46 
» » OF yy ay ¢ ° ; ‘ ; 95 » 4°80 
Mapping a a ‘ : : ‘ 5,280 » O11 


99 16 ’) 9 ° e . : . 18,714 ” 0:38 
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The cost of the party for 1912-18 is as follows :— 
Cost of Cantonment Section from Ist October 1912 


to July 1913 : ; Rs. 18,347 

Cost of No. 20 Party from Ist Angue to Septem- 
ber 1913 ; ; ‘ » 98,797 
Total cost of the party : ‘ »» 22,144 


The programme for the ensuing field season has not been finally settled. 

The Director-General of Military Works has proposed Guna, Kamptee and 
Rajkot and other cantonments about which he will inform the Surveyor 
General, when he receives reports from his Divisional Officers about their re- 
quirements. Sitabaldi Fort, Khandwa, Agar, Deesa, and Deoli have been sug- 
gestea so that all the more important cantonments in the Mhow Division will 
be surveyed before this party is transferred some thousands of miles away. 


RIVERAIN DETACHMENT. 
By Mr. Maya Das Port, Rar Saugir. 
The field-quarters remained at Multan throughout the field season, and 
the office returned to Lahore at the end 
of July 1913 for recess. 

The detachment continued the work of 
traversing and laying down base lines. 
319 linear and 394 square miles of main 
traverse, and 3,256 linear and 808 square 
miles of minor traverse were run. 138,883 

Piet Gubandinnle Soreica. theodolite stations were fixed in the area, 
77 Surveyors, etc. under water action of the rivers Sutlej, 
Ravi, Chenab, and Jhelum in districts 
Ferozepore, Lahore, Sialkot, Gujrat, and 
Shahpur, 588 corners of 196 squares were 
demarcated with permanent mark-stones on both banks of the Sutlej (districts 
Montgomery and Ferozepore), Chenab (districts Gujrat and Sialkot), and the 
Jhelum (districts Shabpur and Jhelum) to serve as bases for the future demar- 
cation of boundaries in the bed of these rivers. 3,496 plotted and 697 boundary 
 Masavis’’ (Settlement mapping sheets) of 407 villages were completed and 
49 four-inch sheets were traced, and supplied in time to the Settlement Officers 
of Ferozepore, . Lahore, Sialkot, Gujrat, and Shahpur. Besides these, 363 mis- 
cellaneous traces were prepared, and all the traverse stations marked during the 
season were plotted on 51 four-inch sheets. Three four-inch riverain boundary 
sheets were plotted and compiled, 2 sheets finally completed, and 4 sheets typed. 

The 25-acre rectangular survey was carried over the remaining tract com- 
manded by the Lower Bari Doab canal in‘ continuation of the last year’s work. 
Fourteen thousand six hundred and twenty-seven 25-acre rectangles were 
broken. Nearly 56 per cent. of the work was tested by the tahsildars, nait 
tahsildars, and the survey officers, and 16 per cent. was checked with thecdolite 
traverse. 1,059 linear miles were traversed, and 3,895 theodolite stations were 
fixed, This work is now completely finished. Inall, 73,791 twenty-five acre 
rectangles were demarcated in 2,883 square miles during the last three scasons 
at a total cost of Rs. 3,18,278 against an estimated expenditure of Rs. 4,638,688 
for cutting 2,500 square miles into 25-acre rectangles, 


PERSONNEL. 


Provincial Officers. 


Mr. Maya Das Puri, Rai Sahib, in charge. 
Mr. Moqimuddin, up to the 22nd October 1912. 


Upper Subordinate Service. 
Mr. Chuni Lal Kopur. 


Settlement Staff. 
155 Tahsildars, etc. 
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The Khushab “ Thal” (sandy area) survey was suddenly taken up during 
February 1913 at the special request of the Punjab Government, and was 
temporarily stopped during May 1913. Points were thrown about 4 mile apart. 
All existing trijunctions, boundary turnings, and conspicuous marks were picked 
up. 1,967 linear and 1,070 square miles were traversed, and 3,808 theodolite 
stations fixed. 258 dressed stones and 84 iron tubes were embedded on selected 
stations to facilitate future survey and demarcation of fields and boundaries. 
591 plotted 3asdvie on the scale of 12 inches to one mile, were supplied to the 
Settlement Officer, Shahpur, early in September 1913. Besides this work 604 
Masavis of 36 villages (scale 8 incles=one mile) were reduced to the scale of 
4 inches toone mile. he boundaries of these villages were compiled on 29 
four-inch sheets with the help of points fixed during the year, showing dis- 
crepancies of over two chains and were traced on 63 Afasdvis for the Settlement 
Officer, Shahpur. 

With a view to assist the Settlement Officer, Dera Hamirpur (district Kangra) 
in the most difficult part of his work and to utilize the experience thus gained 
for the future cadastral surveys of the remaining tahsils of the Kangra district, 
the Kangra work was experimentally started during the middle of April 1913 and 
closed on the 20th July 1913. It was based on the triangulation of old No. 18 
Party (Himalaya). Points were laid out about 5 to 15 chains apart, in suitable 
places under cultivation and along ¢tika (sub-village) and village boundaries by 
triangulation and traverse using subtense bar where required. The plots were 
prepared for each tika (sub-village) separately on the scales of 20, 40, and 80 
karme to one inch (the length of a karm=57'5 inches) according to the nature 
of the ground. 

637 linear miles of traversing and 81 square miles of triangulation were 
carried out, and 1,840 stations were fixed by theodolite. 

784 plotted Masdvis of 256 ttkds (sub-villages) were supplied to the Settle- 
ment Officer, Dera Hamirpur, during the summer. 

The experiment has proved successful, and work in the other tahsils of the 
Kangra district will be commenced during next cold weather. 

The riverain area was broken raviny, sandy, marshy, shrubby, and in parts 
cultivated. The Lower Bari Doab tract was flat, heavily wooded, and sparsely 
inhabited. The Khushab “ Thal” (sandy area) consisted of rolling sand hills 
covered with scanty scrub, and « few stunted trees and villages; scattered 
here and there, chiefly inhabited by graziers and camel-owners, with little or 
no water. The Kangra portion was hilly, jungly, and cultivated. 

The health of the detachment was on the whole satisfactory. One tindal 
died at home while on departmental leave. 

‘fhe total expenditure of the detachment from the Ist October 1912 to the 
30th September 1913 excluding the pay of temporary riverain khalasis, and 
including Rs. 6,180 on account of last year’s expenditure for the Lower Bari 
Doab work, was Rs. 1,15,632 as detailed below :— 


Rs. 
1. The Riverain Survey : : ) : : ; . 21,906 
2. The Lower Bari Doab 25-acre rectangular survey . . 10,256 
°3, The Khushab 7hal traversing . : : ; ; » 17,335 
4. The Kangra experimental work : ; ° . 5,712 
5. The Nepal Boundary survey : : : , » 423 


Total . 1,15,632 
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SOUTHERN CIRCLE. 
(Vide Index Maps 2 and 5.) 


Lhe Southern Circle was under the superintendence of Brevet-Colonel 
T. F. B. Renny-Tailyour, C.S,1., R.E., up to 15th April 1918 and under Licu- 
tenant-Colonel F. W. Pirrie, I.A., for the remainder of the year. 

The Circle consisted of Nos. 5, 6, 7 and 8 Parties and No, 4 Drawing 
Office. 

During the year 13,349 square miles were surveyed, 14,394 square miles 
were triangulated, and 205 linear miles were traversed by theodolite. 

The field surveys consisted of :— 

1,086 square miles of 4-inch survey. 
~ 6,093 __,, »» 9,  1-inch survey. 
§,155__s,, »» 5,  1-inch revision survey. 
568, » 4, 14-inch survey. 
447, » 99 21nch survey. 
‘he area surveyed is relatively greater than was done during the previous year. 
The smallness of outturn is caused by the intricate underfeatures in the Central 
Provinces and Hyderabad State and the excessive difficulty of the dense forest 
country in the extreme south of the peninsula. It was again found impossible 
to shew adequately on the 1-inch scale in the field the mass of detail in the low 
lying ground along the western sea coast in parts of Madras and Travancore 
State, so the 13-inch scale was substituted where necessary and the small 
jncrease in cost was amply justified by results. 

The Photo-Zinco Section did a great deal of work during the year to assist 
the work of parties chiefly at the close of the field season and towards the end 
of recess. 

‘The accommodation at present is inadequate and the cameras and other 
apparatus cannot be properly protected from the weather, and during the rainy 
season work was at a stand-still. 

The following work was done during the yearin the Photo-Zinco Section :— 


i) | ! 


Description of work. pee ae | a : | aaa | Total. REMARKS. 
Dedcenies | em, ene 
| | 
Reproductions to full oe | : | | 1 |, 
scale. , ! | | 
| 
Enlargements. é 43 | 5 28 45 | 21 
| | 
Reductions : ; 44 27 122 20 | 213 
| 
Originals vandyked 14 | 17 | 23° 13 87 
| | 
NOTES. 


1. Except in Madras where the lists prepared by the Director, Madras Kevenue Survey, go through 
a very careful system of checking, a great deal of difficulty was experienced by parties in obtaining the correct 
spelling of village and other names. Lists were sent to Deputy Commissioners for verification and correction, 
but when these were received back it was often found that the same name was spelt quite differently even in 
different parts of the same district and in the same 1-inch sheet. 

These difficulties tend to increase where parts of different districts or provinces fall in the same sheet and 
in the case of degree sheets containing parts of Pombay and the Cente. Frovinces where the system of spelling 
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varies greatly it will probably be best to have the names written in skeleton copies of tne degree sheets in their 
proper positions and have them again verified locally through Settlement Commissioners or other agency. 

2. Forest and other maps originally surveyed on scales largor than the l-inch at various periods vary much 
in quality and none of them can be reduced and incorporated in the fair maps without again undergoing 
supplementary survey, and the following has been found the most suitable procedure in the Southern Circle. 
The large scale maps falling in the area included in the ensuing season's programme were photographically 
reduced tg the 14-inch scale in blue colour. These reductions were then inked up in black for further reduc- 
tion to the 1-inch scale, and carefully fitted on to the 14-inch projected shee‘s by means of the graticule lines 
and plotted triangulated points. These reductions were then reduced to the l-inch scale and printed in blue on 
Bristol boards or drawing paper mcunted on cloth over mill board. The graticule was subsequently diawn in 
black and any exterior triangulated points plotted and they were then ready for the field. 

3. In handing over the Southern Circle Colonel Renny-Tailyour stated that it is always better when the 
local scale of regular surveys is the l-inch or 34-inch, larger scale surveys should be carried out at least une 
season ahead 80 that they may be available when the regular surveys are taken up and whenever possible this 
procedure will be followed. 

4. As mentioned in the Records Volume III, experiments were continued in the Circle in order to prevent 
altogether or to reduce to a minimum the expansion and contraction of mounted plane-tables in the field. Paper 
mounted on clcth pasted on wooden plane-tables expands aud contracts according to the chenging temperature 
and humidity of the atmosphere but chiefly across the grain of the wood of the plane-table and not uniformly 
in all directions. To remedy this four methods have been under trial for some time, as folluws :— 

(a) Aluminium plane-tsbles. 

(b) The use of Bristol boards in place of drawing paper. 

(c) The use of drawing paper mounted on cloth over mill board. 
(d) The use of special thick drawing paper unmounted. 

(a) Aluminium plane-tables were successful in overcoming unequal contraction and exyansion and reduced 
the alteration in graticule to a negligible quantity, but the tables as at present constructed do not remain flat in 
use but say at the edges ond the Officer in charge No. 6 Party has suggested that the bracing be strengthened 
which would probably overcome this evil, but altogether the great expense of aluminium plane-tables does not 
justify their use. 

(6) Six and four ply Bristol boards were used during the ficld season and were specialiy useful in the 
comparatively dry climate of the Central Provinces. The change due to varied temperature and humidity was 
very small, and nearly proportionate in all directions and their use is completely justified in the case of all 
experienced surveyors who are clean workers, and have little erasure to doin the field. The Bristol boards 
sheuld not be fastened down to the plane-table but loosely secured at the corners by suitable clips. In order to 
make the use of Bristol boards in place of drawing paper thoroughly satisfactory height indicators and scales of 
feet and chains should be printed on the same quality of Bristol board. The disadvantages of bristol boards 
are that they must be packed flat and not rolled and they cannot be traced through a tracing glass and any 
erasures are difficult to carry out. | 

(c) In localities where there is excessive humidity and great changes of humidity during the field scason 
drawing paper mounted on cloth over mill board is more suitable than Bristol boards for work in the field. The 
change in graticule is very small and uniform in all directions, though the precautions as regards mounting and 
securing the mill boards advocated hy Colonel Renny-Tailyour in the Records Volume III should be carefully 
carried out. 

(d) Thick drawing paper (Whatman’s, Imperial, 300 lbs.) specially prepared by Messrs. Balston was tried 
with success and was used unmounted and only loosely secured at the corners by clips, but the paper should be 
harder in texture and harder and smoother in surface and untila further consignment of this paper is 
received and further tried under varied conditions it would be premature to give a final opinion as to its utility, 

5. The ordinary survey pattern clinumeter as at present made in the Mathematical Instrument Office, 
Calcutta, is a very good instrument if intelligently used and kept in proper adjustment and is quite accurate 
enough for all ordinary contouring purposes but to get the best work out of these instruments ;they require to 
be very carefully adjusted at the time of issue and carefully handled and readjusted by inspecting officers in the 
field and the following method of doing so is suitable :— 

' - The instrament should be taken from its box and the vanes set np and then it should be laid on its side 
on 8 piece of machine ruled section paper and the vanes adjusted so that they are at right angles 
to the base plate. The distance bet ween the zero of the tangent ecale to the centre of the axis of 
vision of the eyepiece should then be checked. This in most clinometers is 8 inches. 

The distances from —'40 and +°410 to the centre of the axis of vision should then be verified, those 
are usually 8°616 inches but if the horizontal line is not 8 inches these distances will be 
different but can easily be calculated. After the above preliminary adjustments have been made 
the level can then be adjusted against the natural tangents obtained from theodolite vertical 
angles. The advantage of using the ordinary clinometer whenever possible is that there is less 
strain on the eye if the distant objects are distinct and clearly defined than in using any form of 
telescopic clinometer, In particular localities where ill-defined distant objects have to be observed 
in taking heights the telescopic clinometer as invented by Captain Pye is very suitable and waa 
used with success in the }-inch survey of Hyderabad State by No.6 Party and the officer in 
charge of that party will use it extensively for the same purpose during 1913-14 and considers 
that it will be of great use also in adjusting ordinary clinometers in the field. The advantage 
of these instruments is the increased accuracy and the disadvantage is that index errors are likely 
to develop which will entail frequent checking against theodolite obse:vations. The strain on the 
eye in using any form of telescope is also a disadvantage. 

6, In traversing foreet toundaries with theodolite it is often impossible, owing to local conditions, to 
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fcllow the actual line and the pillars have to be fixed by off-sets. With the concurrence of the Chief Conserva- 
tor, Central Provinces, the fo:est boundaries were fixed by No. 6 Party by plane-table traverse on the 4-inch scale 
and the surrounding detail carefully surreyed at the same time on tat scale; this arrange:.ent is not only less 
“expensive but more accurate and convenient and seems to meet with the requirements of the Forest D: partment: 

7. The old Mysore l-inch sheets were found very accurate but wanting in much detail required fora 
modern map, and required supplementary survey in the field. 

The 1l-inch compilations supplied by the Director, Madras Revenue Survey, from the work of his depart- 
‘ment although not consistently of the sam2 quality were in general very accurate.and of great assistance to 
No.7 Party. 

8. The op'nions of officers in charge of parties regarding the special blue tinted paper sent for trial for the 
fair maps are on the whole unfavourable. The surface seemed to be greasy and unsuitable for either typing or 
fine drawing. The only favourable report was received from No.8 Party where the bluetinted paper was 
found suitable for his heavy outline and hill sheets. However, there is no doubt that if the surface could be 
‘made smoother and harder the blue piper would be moro restful to the eyes of draftsmen and map examiners. 

9. A separate type sheet was used by No. 6 Party, but the system is not advozated as it entails great in- 
convenience to examining officers and will cause extra expense in reproduction. 

10. The use of two ply Bristcl boards was made by No.6 Party fur fair mapping and the procedure is 
advocated and the-e thin Bristol boards were found nearly as pliable as drawing paper. The detail could be 
‘drawn finer and the typing was sharper and clearer than on drawing paper. 

11. The special roller drawing pens made at the suggestion of the Officer in charge of No. 5 Party by the 
Mathematical Instrument Office for roads and boundaries were used with success und the pr-cedure adopted by 
No. 8 Party seems the most suitable wh'ch is to put the symbols on tho fair maps in blue by means of the 
roller pens and then ink them over in black when any change of emphasis can b> given as required. 

12. The most su'table methods of dealing with the field maps on return to recess seemed to be as 
follows :— 

(a) The field mips were enlarged individually to the 1}-inch scale and from these a combined trace was 
made on a projected sheet of tracing paper and the whole was vandyked on to drawing paper or 
two ply Bristol Loards in blue. : 

(b) The largest plane-table rection falling io a particular l-inch sheet was completed up to graticule 
limits by pasting on traces of the other plane-tables and then the whole was enlarged to the 14- 
inch scale and printed by photo-zincography in blue. 

When there is much distortion or inconsistent change of graticule and in consequence adjustments were 
‘necessary, tho first system was found the best. 

When nearly the whole shzet was surveyed on one plane-table andthe graticule was about right the 
second system was found the best. 


No. 5 PARTY (CENTRAL PROVINCES). 


By Captain E. C. Baker, 8.E. 


The programme of the party included survey and revision survey on the 


PERSONNEL. 
Imperial Officers. 
Captain E. C, Baker, K E., in charge, from 25th 


eOctober 1913. 


Captain K. W. Pse, R.E., to 2lst May 1913. 
In charge from 1st to 24th October 19132. 


Lieutenant R. S. Wahab, I.A., from 12th July 


Provincial Officers. 
Mr. F. P. Walsh. 
Mr. J. H.S, Wilson. 
Mr. S. S. McA’Fee Fielding. 
Mr. C. West. 
Mr, F.C. Pilcher. 
Mr. Munshi Lal. 
Mr. C. O. Picard. 


Upper Subordinate Seretze. 


Mr. Eknath Battu. 
Mr. Kam Narayan Hastir. 


Lower Subordinate Service. 


33 Surveyors, etc. 


l-inch scale, and triangulation, in parts 
of degree sheets 55 J, K, and O, compris- 
ing portions of Hosbangabad, Narsingh- 
pur, Chindwara, Betul, Seoni, Nagpur, 
Bhandara, Balaghat and Wardha districts 
of the Central Provinces, and the 
Amraolti district in Berar. The field 
season opened at Jubbulpore on October 
21st, 1912, and closed at Chhindwara on 
April 14th, 1913. From November 8th, 
1912, the head-quarters of the party was 
located at Chhindwara. ‘The health of 
the party was fair. 

Topography.—To carry out the 1l- 
inch survey, and the 1-inch revision sur- 


‘vey of reductions from 4-inch forest surveys, four camps were formed and 


the following allotment of work was made :— . _ 
No. 1 Camp.—Sheets 55 7; and part of 55. in Hoshangabad, ,Betal 


and Chhiodwara districts. 
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No. 2 Camp.—Sheets 55 2 in Nagpur, Seoni and 
Bhandara districts. 
No. 3 Camp.—Sheets 55-7, 


dara, Seoni and Balaghat districts. 


No. 4 Cainp.—Sheets 55—* — 


14, 159 

districts. 
The survey of all the above sheets was completed. The outturns were 
2,575 square miles of 1-inch survey, and 1,115 square miles of oe oe 
sion survey, making a total of 3,690 square miles. Sheets 55, a7? 55 aw 


Sheets 55% , 55 


and part of 55 


and nearly all of 85.° in Nagpur, Bhan- 


55+ in the Chhindwara and Nagpur 


contained heavily wooded and somewhat hilly country. 50. . 
were flat or undulating, while in the remainder of the sheets the nature of the 
country was varied. 

Triangulation.—Four officers were a aa on triangulation, and com- 
pleted sheets 55 8. 1, 12, ne 15, 16 ? 09 9 es i 11, 129 59 “13, 16 7g and 6555" Bs The triangu- 
lation of the last named two was computed in the field and the detail survey 
of these two sheets was included in the programme of the party. The country 
triangulated extended from the steep north-western slopes of the Satpuras 
across the rolling plateau, and down into the Nagpur plain, and amounted to 
4,972 square miles. 

Recess duties. —The fair mapping of all the fourteen sheets surveyed was 
completed by the end of the recess season. The computation of the triangula- 
tion done during the field season was completed during the recess. Degree 
charts 64 A and 55 O with tables of data were prepared. 


No. 6 PARTY (BERAR),. 
By Lisutenant C.G. Lewis, R.E. 


The field head-quarters were again located at Basim. The season opened 


PERSONNRL. 
Imperial Officers. 
Major H. Wood, R.E., in charge up to 30th May 
1913. 


Lieutenant C. G. Lewis, R.E., in charge from 31st 
May 1913. 
Provincial Officers. 
Mr. E. A. Meyer. 
Mr. F. B. Kitchen. 
Mr. R. B. Gildea. 
Mr. J. O’C. Fitzpatrick. 
Mr. A. J. Moore. 
Mr. A. V. Dickson. 
Upper subordinate Service. 
Mr. Lachman Daji Jadu, R.B. 
Mr. Dharmu. 
Lower Subordinate Service. 


33 Surveyors, etc. 


on the 28th October 1912 and closed on 
the 13th April 1913. The health of the 
party was very good. 

‘The party was employed on 23-inch, !-inch 
and 2-inch surveys and triangulation in 
the Yeotmal, Akola and Buldana districts 
of Berar, in the East Khandesh district 
of Rombay and in the Adilabad, Nander 
and Parbhani districts of Hyderabad. 

Topography.—The — surveyors 
divided into three camps. Lieutenant 
Lewis was in ore? of the $-inch survey in 


sheet 56;%, and the pupils’ campin sheets 56 1 iwi on the 1-inch scale, 


were _ 


Mr. Meyer carried out 1-inch survey in sheets 56 _£., for the first two months 
of the season and then transferred his surveyors to the 2-inch survey of reserved 
jorests in Akola and Buldana districts in sheets 555 iicis w Although his 
camp remained in the field until the middle of May, it was fais’ impossible to 
complete the pr osmne of 2-inch work. Mr. Gildea was in charge of 1-inch 
survey in sheets 56 ,,";, and 2-inch survey in sheets 56. One 2}-inch sheet 
was taken up. The outturn on this scale exceeded expectations, amounting 
to over 60 square miles per man per month in intricate country. ” 
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The country under survey was of a varied nature, consisting for the most 
part of intricate forest-clad hills, and also of large areas of flat cultivated lands 
in the Penganga Valley, 


The outturns on various scales were as follows :— 
4-inch survey 1,086 square miles. 
l-inch survey 1,508 square miles. 
2-inch survey 434 square miles. 


Triangulation.—Mr. Kitchen was employed on triangulation in sheets 
6a and Mr. Fitzpatrick in sheets 55 7., The country under 
triangulation was open, and flat or slightly undulating throughout. The area 
triangulated was 2,795 square miles. ; 

Traversing.— With the concurrence of the Chief Conservator of Forests, 
Central Provinces, no theodolite traversing was carried out but all the 
boundaries of reserved forests under survey were traversed by plane-table on 
the 4-inch scale, by the surveyors employed on the detail survey, as it was 
found that this method ensured better agreement with the topographical details 
than theodolite traverses. The amount of traversing thus carried out was 985 
linear miles. 

Recess Duties.—During the recess the party completed the mapping of 
the following sheets on the 14-inch scale:— 56,7, 56435 (sheets 
56,,”,, and 56 5 contain only small portions of Berar which have been surveyed 
on the 1-inch scale), and on the 3-inch scale, sheet 56 g;. Mr. Gildea was in 
charge of the mapping section. 

The computations of the triangulation done during the field season were 
completed. Triangulation charts with tables of data for 55 D and 56 E were 
prepared but not fully completed. 

NotE.—Six aluminium plane-tables were tried in the field, and as regards variation in graticule 
measurements, proved entirely satisfactory, but they developed the following serious defect. In every case the 
edges sagged Jeaving a raised portion im the centre above the screw, on which the sight rule pivotted, making 
fixings laborious and liable to error. An attempt is being made in the Mathematica] Instrument Office to 
correct this by strengthening the bracing. 

A telescopic clinometer de~igned by Captain Pye, R.E., giving direct readings in natural! tangents to four 


places of decimals was tried and gave most satisfactory results. It is intended to provide camp officers and 
surveyors working on the 4-inch scale with these instruments. 


‘ No. 7 PARTY (MADRAS). 
By Captain J. D. CamPBELt, R.E. 


The programme of the party included survey and revision survey in the 
PERSONNEL. Malabar, South Kanara, Salem, Coimba- 

Imperial Officers. tore and North Arcot Districts of Madras 

Captaly ta Di Campbell, Pam Ceres and the Bangalore, Kolar, and Mysore 


Provincial Officers. “gos ° . ° 
Oo 
Mr. J. O'B. Donaghey. districts of Mysore, and triangulation in 


Mr. P. R. Ande:son. the Salem, Chittoor, and North and South 
Mr. H. D. W. Stotesbury. 


Mr. Haji Abdul Rahim, K.B. from Ist October Arcot districts of Madras. 
1912, . 


Mr. H. H. P. Butterfield. The head-quarters of the party re- 
Mr. J.C. St. C. Pollett. : , 
mained at Bangalore and the party took 
Upper Subordinate Sercice. : 
ee re ee ee ; the field on various dates between 1st Sep- 
Lower Subordinate Service. tember and the 10th November 1912, and 
29 Surveyors, ete. returned to recess quarters about the 20th 


April 1913. 
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The field work carried out was as follows :— 
Survey on the 2-inch scale of 13 square miles of reserved forest in. 
sheets 57-¢ a 
Survey on the 1}-inch scale of 8312 square miles in sheets 48 -?.. 
Survey on the l-incb scale of 652 square miles in sheets 57:7 7oy> 


e sf L 
57am 12, 13, 16, 16 9 57 -T 


Revision survey on the 1-inch scale of 4,040 square miles in sheets 57 mar 


Triangulation of sheets 57>-j31» 57 wasieteae aNd STs 

The country surveyed is extremely varied in character, It includes the 
flat intricate coast, the undulating jungle-clad foot hills of the Western Ghats, 
the densely wooded hilly country on both banks of the Cauvery River and the 
open, undulating Mysore plateau. 

Topography.—The 2-inch forest survey presented no difficulties. The 
work in sheets 48 ¢, was done on the 13-inch scale owing to the extremely 
intricate nature of the country and the large amount of detail. The 1-inch 
survey was assisted by the maps supplied on the l-inch scale by the Madras. 
Revenue Survey which were of great assistance especially as regards names. 
The detail was found to vary in accuracy and for this reason the maps have to 
be used with considerable caution. It is hoped that, in future, more informs. 
ation will be available beforehand as to their probable accuracy in different. 
localities. 

The 1-inch revision survey came under two heads :— 

(a) Revision of the old 1-inch Mysore sheets which were found very 
. accurate. They had, however, to be very considerably supple-- 
mented as they contain but little of the detail which is shown. 
on a modern map. 
(b) Revision of the 4-inch forest maps which were found quite accurate. 
and were only checked, slightly supplemented and recontoured.. 
The 4-inch forest maps were reduced to the 13-inch scale in: 
blue, and after compilation on projected sheets on that scale 
were inked up in black and further reduced and printed in 
blue on the 1l-inch scale. <A great saving of time and increase: 
of accuracy were obtained by working on these ]-inch reduc-- 
tions in the field. 

Triangulation.—The triangulation presented no difficulties. A chart on. 
the 3-inch scale, supplied by the Madras Revenue Survey, enabled the triangu- 
lators to pick up a large number of revenue traverse stations. The values ob-. 
tained were found to agree with the revenue values and in flat country where: 
fixings are unobtainable the village trijunctions, which are all revenue traverse 
stations, can be confidently used by the plane-tablers as closing points for: 


traverses. 

Recess duties. —The 18 completely surveyed shects will be submitted for- 
publication by the end of recess. Index degree maps have been prepared of 
57 L, O, P, and 66 D. The computations of the season’s triangulation have- 
been completed. 

Triangulation charts are somewhat in arrears as, owing to the heavy pro- 
eramme of computations and mapping, no assistant has been available for the: 


work. 
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No. 8 PARTY (MADRAS). 


By Capraix C. M. Browne, D.8.O., B.E. 
The work carried out by the party was of the same nature and in continua- 


pevsouwais tion of that of the previous year aud 

Imperial Officers. covered parts of Malabar and Madura dis- 

Captain C, M. Browne, D.8.0., B.E., in charge. tricts of Madras and the State of Travan- 
Captain R. Foster, I.A. : i 

Deis avial Opaes: core. It comprised surveys on the 1-inch 

Mr. W. F. E. Adams. and 1}-inch scales, and triangulation and 

Mr. S. F. Norman. . 
Mr. J. H. Williams. traversing in advance for future surveys 


Me, Hani ee aiba Mandbre, up to ist November ON these scales. Sheets 58, 0; 7 and 58-- 
Mr. M.S, Ganess Aiyar. were entirely surveyed, sheets 68, and 

Upper Subordinate Service. 58-2- were completed and sheets 58 aor 
Me Tg ra eee a ee ge from lst were commenced. 

August 1913. | The party left Bangalore on the even- 
seener: ap Sabor inate DEEN’: ing of the 15th November and arrived next 
day at Ernakulam. Beyond that place 
in order to reach the head-quarters of detail camps at Kumili, Kottayam, 
Changanacheri and Kanjirapalli, the journeys had to be made by boat and 
marching. | 

The head-quarters of the party was located at Pirmed. 

It was with great difficulty, although ample notice was given to the local 
authorities, that sufficient carts were obtained at particular places for the con- 
veyance of the head-quarters and detail camps to their destinations. Next year 
these difficulties may with care be avoided and the various detachments will be 
able to reach their ground by rail and boat. 


The work closed in the field on various dates in May 1918 and opened in 
recess at Bangalore in June. 

The health of the party was on the whole good considering the climate en- 
countered, until towards the close of the field season when all suffered more or 
less from fever and boils and bowel complaints. 

Topography.—The topographical work was distributed as follows :— 

Camp No. 1.—Worked in sheets 58 5; under Mr. Norman chiefly in Tra- 
yancore State and partly in Madura district on the l-inch scale. The area 
dealt with excluded a portion of sheet 58% which fell in the Periyar-Pambiyar 
catchment area which had previously been surveyed on the 2-inch scale in 
1910-11. The portion of Travancore in sheet 58-; was too small to justify its 
being published as a separate sheet so it was included as an outrigger to sheet 
58%. 

Camp No. 2.—Under the supervision of Mr. Adams worked in sheet 58-¢ 
and part of sheet 584,- chiefly in Travancore State with small portions of the 
Malabar district. The former sheet was surveyed on the 1}-inch scale and the 
latter on the 1-inch scale. 

Camp No. 3.—Worked in sheet 584; and remaining portion of sheet 
58-°- on the 1-inch scale under the supervision of Mr. Williams. 

Camp No. 4.—Worked in sheets 68 acrr on the i-inch scale under 
Mr, Anantarao Dhondiba Mandhre, R. 8. 

As it was found impossible for any but the best draftsman to show, ade- 
quately in the field, the intricate coast country in the Malabar,district and in 

D 
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the Travancore State on the 1-inch scale, the 14-inch was substituted and the 
area done on this scale was 256 square miles. The country was covered with 
palm groves and huts, some of which were of a permanent character but the 
majority temporary structures, and in order to make the resulting map clearer 
and more easy to read the latter were not surveyed and a footnote will be added 
to the published sheet to show that the whole country, where not under 
-cultivation, consists of a dense palm grove dotted about with numerous scattered 
huts. . 

The total area of 1-inch survey was 1,358 square miles. The character of 
the country was very varied. Sheets 584.3, were densely populated and the 
detail especially in the valleys was very intricate and the numerous low hills all 
of about the same height made the contouring laborious. Sheet 58-< included 
the western slopes of the hills and the country in the higher ground was more 
open but the valleys were for the greater part covered with forest or rubber 
estates and gardens. Sheets 58°; include the Cardamom Hills, a large portion 
of which are covered with dense forest except towards the east where they are 
grassy and open. The grass is often very high and as difficult to survey as 
forest except for a short time after being burnt in the spring. Part of sheet 
58-5 was surveyed previously in 1910-11 as part of the Periyar and Pambiyar 
catchment area and the work was incorporated by reduction. 

From the above remarks regarding the nature of the country and from last 
year’s report, it is clear that no large outturn can be expected from No. 8 Party 
-in the field till more open country is met with. 

Triangulation.—The country triangulated was very varied in character 
and extended from the coast of Travancore over the Ghats into the plains of 
Tinnevelly and Madura. Mr. Ganesa Aiyar was under instruction in trian- 
gulation with Mr. Mahadeva Mudaliar for part of the field season and after- 
wards carried out the triangulation of 2,035 square miles in sheets 58 D, G, 
and H. | 

Traversing.—Theodolite traverses were carried out by Traverser Keshava 
Vaijnath Joshi and unclassed surveyor D. R. Joseph and pupil-surveyor N. 
Gopal Nayar in sheets 5847-.,n-72nd 58 4 amounting to 205 linear miles, and 
it is hoped that in 1914-15 hardly any traversing will be necessary. 

Wellington Cantonment.—At the beginning of May K. V. Joshi traversed 
the boundary of Wellington Cantonment and a revised list of distances and 
bearings were subsequently supplied to the Military Works Services. 

Captain Foster was detailed at the beginning of May 1913 to test the ac- 
curacy of the Wellington Cantonment map, and to report what is necessary 

to be done in order to bring it up to date. A revision of the contouring details 
and boundaries seems from Captain Foster’s report very desirable but should 
only be undertaken after the military authorities have definitely decided or 
carried out alterations which are, at present, only proposed. 

In last year’s report reasons were given for selecting on the ground build- 
ings of sufficient importance to be shown on the i-inch degree sheets and this 
work was done at the close of the regular field work, and the only area stil re- 
maining to be dealt with falls in sheets 58-2, and it is proposed to detail a 
surveyor to complete the work in 1913-14. | 

Recess duties.—The amount of drawing in the party’s sheets is very great 
and it is improbable that the mapping of the field work can be completed before 
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the party again leaves fer the field. The area drawn, 1,663 square miles, is 216. 
square miles in excess of last year which is very satisfactory. In all probability 
thedrawing of four sheets will be unfinished when the party again leaves 
Bangalore, and the drawing of these will be completed by No. 4 Drawing Office, 
and the sheets will be finally examined by the Officer in charge No. 8 Party 
when he returns to recess quarters in 1914. In recess the computations of 
all traversing were completed but those of the triangulation were not quite. 
finished as it was impossible to spare enough men from the fair drawing, but 
none of the data uncomputed, will be needed for the coming field season. 


Nore.—An improvement on form P. 21 (Computation of Clinometric Heights) was devised in this party 
during recess 1912 and was used throughout the party during the field season. It was found to be very much 
easier and quicker to use and to check than the old form P.21 and it is understood that a form designed on 
similar lines renumbered P. 17 and bound in books has been approved by the Surveyor General and will be 
introduced throughout the Department. Metal corner clips were used to fasten mill boards to the plane-table 
and were found to be on the whole satisfactory and they will be given a further trial in the coming field season. 
An aluminium plane-table was tried but was found to have certain; defects. If an improved pattern can be 
supplied a further trial will be given to it. 
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EASTERN CIRCLE. 

(Ytde Index Maps 3 and 6,) 
The circle was under the superintendence of Brevet-Colonel G. B. Hodgson, 
1.A., up to 27th April, from which date it was under Lieut.-Col. C, H. D. Ryder, 


D.S.O., R.E. 
11,836 square miles were surveyed during the year, consisting of — 


5,059 square miles of l-inch survey. 


4,589 ditto l-inch supplementary survey. 
592 ditto l-inch revision survey. 

1,189 ditto 4-inch revision survey. 
407 ditto 2-inch survey. 


No. 9 PARTY (BIHAR AND ORISSA). 
By Captain R. H. Puiptuimore, R.E. 


The party continued work in Singhbhim and Ranchi districts, working 
. along the northern border of the Orissa 
ene Feudatory States, and completed the sur- 


Imperial Officer. 
P fic vey of sheets Nos. 73... a IE Ts and 
Captain R. H. Phillimore, R.E., in charge. : a aaa iis 
13 sa;7,07e- ‘Such portions of the 


Provincial Officers. Orissa Feudatory States as fell into this 

Te tase tinier ee Te lah eels 
21st). The reserved forests of Singhbhim dis- 
Ae ors trict which had been previously surveyed 
Me ae Hale eager on the 4-inch scale were now revised on 
Mr. D. N. Banorjee. the l-inch scale, and a few scattered blocks 
Upper Subordinate Service. of protected forest were surveyed on the 

Mr. Dalbir Rai. 9-inch scale. 


Mr. M. R. Mazumdar (till May 21st). _ 
The remaining area had all been survey- 


ed cadastrally within the last ten years. 

The party assembled in Chakradharpur 
on November 11th; some men had to be kept in the field till the end of May 
to complete the programme, though a start was made with fair mapping from 
May 5th. 

April and May were very hot months and there was a good deal of shirk. 
ing amongst the surveyors, several of whom were discharged at the close of the 
field season. 

- Topography.—The country under survey lies along the borderland of Chota 
Nagpur and the Orissa Feudatory States. The sheets to the north lay on the 
Ranchi plateau; the country here was well populated and cultivated, healthy 
and very easy to travel about in; the ground was undulating, with a general 
level of from 1,500 to 2,000 feet, with protuberances of bare rocky hills of 
gneiss. Detail could not well be sketched, but fixings were readily made and 
work could proceed rapidly. 

Towards the south, the plateau drops steeply, and the ground becomes 
broken, intricate and wooded. The western corner of Singhbhim district is 
covered with dense sal forest, and is a mass of hills which rise in some places to 
peaks nearly 3,000 feet above sea level. Villages and cultivation are here 
more scarce, and surveyors suffered a certain amount from malaria. 


Lower Subordinate Service. 


38 Surveyors, etc. 


Vou. V.] TOPOGRAPHICAL SURVEY. 21 


$-inch survey in Gangpur State could not proceed very rapidly as the hill 
features did not stand out with prominence. In the low wooded hills survey. 
ors found it difficult to get fixings, and in many places filled in detail by pacing 
from one point to another. 

The party was divided into four camps, the head-quarters being located at 
Panposh in Gangpur State. 4 

Camp No. 1.—Under Mr. B.C. Newland numbered ten plane-tablers to 
start with, and surveyed the north-eastern sheets of 73B on the Ranchi plateau, 

Camp No. II. was under Mr. W. P. Hales, who had charge of the 4-inch 
work in Gangpur and Bonai States in south-eastern sheets of 73B. Mr. 
Hales surveyed 170 square miles himself besides supervising three to five sur- 
veyors. 

Camp No. I7I.—Under the charge of Mr. Dhani Ram Verma, numbered 
11 plane-tablers working in the four north-west sheets of 73F. 


Mr. Dalbir Rai was attached to this camp and supervised the work of 
half a dozen surveyors, besides surveying a small area himself. 

Camp No. IV. was under Mr. A. K. Mitra, who had seven men with 
him. Work lay in the south-western sheets of 73F and covered the thickest 
of the Singhbhim forests. 

Reductions of the cadastral maps had been compiled into 1-inch sheets by 
the Bengal Drawing Office; and grey prints on drawing paper were supplied 
for the topographical supplementary survey. The country was too hilly and 
undulating for the surveyors to get much advantage from the detail on these 
cadastral reductions. Boundaries, main roads, large rivers and village sites 
were of undoubted value, but as the ground had all to be gone over for the 
survey of contours, the rate of survey was not largely increased. 


In absolutely flat country these cadastral reductions will be of far greater 
help; they will show more deiail and the trijunction pillars will become im- 
portant points for the plane-tabler, who also will have no nccessity to cover the 
whole ground for the sake of the contouring. 


The average monthly outturn for supplementary work comes to about 21 
square miles a month, possibly 5 per cent. greater than it would have been with- 
out the cadastral sheets. In the most favourable ground, on the open Ranchi 
plateau the best surveyors occasionally touched 40 square miles in a month. 

Triangulation.—Surveyor Ram Singh triangulated 800 square mules in 
sheets Nos. 64 N and O, and also 690 square miles in sheet No. 721, whilst 
Mr. F. Byrne, completed the area still remaining in sheet No. 72L. 

It is to be noted that in this sheet and its neighbourhood the atmosphere 
is very hazy throughout the cold weather, a circumstance mainly due to the 
numerous collieries. For all rays over 10 miles long the use of heliotropes is 
imperative. 

An area of 8,180 square miles was completed at a cost rate of Rs. 3:1. 
The quantity of the work was not good. 


The boundaries of a large number of scattered blocks of protected forests 
in Singhbhim district were traversed by theodolite. The outturn amounted to 
253 linear miles with a cost rate of Rs, 6°6. 

Recess duties. —During recess the fair mapping was completed uodcr the 
supervision of the following officers :— 

Mr. Dhani 
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- Mr. B.C. Newland; sheets 73 =,,,,, with the incomplete 1l-inch sheets 
73 3. and also the }-inch sheet 73 =. 

Mr. A. K. Mitra; sheets Nos, 73 , ,,<;;7- Such field sections as had been 
specially mounted on the plane-tables were brought in without any distortion, 
and several sheets were fair mapped direct on enlargements of the field sections. 
4,158 square miles were fair mapped at a cost rate of Rs. 5:3. The computa- 
tions of triangulation have not been entirely completed, and some of the forest 
boundary traverses still remain. 


No. 10 PARTY (UPPER BURMA). 
By Magsor E. T. Ricu, R.E. 
The field season opened on November the 8th, 1912, and closed on May 
18th, 1913, when the party returned to 
Maymyo. The field head-quarters were at 


PERSONNEL. 


Major E. T. eae. Myitkyina. 
Copeais BB: Cecden, BE (Grom: 10th: May: Wo The programme of both detail survey 
Lieutenant W. E. Porry, R.E. and triangulation was not completed. 
Provincial Officers. Mr. Hayat Muhammad, K.S., and two sur- 
MY Wilk. cil cena ste 008): veyors were deputed to the North Burma 
Me Gee (from 14th December 1912). Exploration Detachment, two other 
a ee surveyors were transferred, and one 
Mr. x F Morske a 15th October 1912). akon Aad eee ee wore Cirale or ine 

best plane-tablers was thus lost. 

a eRe leneasmieeti The triangulation in the Laukhaung 


Mr. Hayat Muhammad, K.S. (from 10th May 1918). hill tracts was hindered considerably by 


mist and snow which stopped the work at 
times for stretches of over ten days. 

Mr. Simons ‘who was intended to triangulate a large area in the east of 
92C, did not join the party till two months later than was anticipated and 
then was sick for nearly a month after he joined, so that he really did only half 
@ season’s work, 

The programme of the party was as follows:— 

(a) One-inch detail survey in sheets 92 510,18 ; ESAS MNCS STT as 

(6) 2-inch detail survey of two reserved forests falling in the above 
sheets with a theodolite traverse of the boundaries. 

(c) Triangulation of portions of sheets 92 4,7, - 129 “I, 7s 6,99 7,8, ees 
and revision of 800 square miles in sheets 92-57: 

This pe ame was os with the exception of the l-inch phan 
BUEV ey in sheets 92-745, 544 and triangulation in portions of sheets 92 
6, 5 see and = ear il 

The actual areas of detail survey were 2,347 square miles of l-inch survey, 
125 square miles of 2-inch forest survey and 24 square miles of l-inch recon- 
naissance in unadministered territory beyond the China frontier; 2,700 square. 
miles of triangulation and traversing were completed which with previous 
work makes a total of 5,250 square miles triangulated and traversed in advance. 
The forest boundary surveys amounted to 207 linear miles of traversing. 

Topography.—The party was divided into three detail camps under Lieu- 
tenant W. E. Perry, R.E., Mr. W. G. Jarbo and Mr. Asmat-Ullah Khan, 
K.8., respectively, whilst Messrs. Simons, Morton and Sexton were independ- 
ently employed on triangulation. 


Lower Subordinate Service. 
34 Surveyors, etc. 


6,7, air 123, 
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Camp No. 1.—Consisted at the commencement of the season of Lieu- 
tenant W. E. Perry, R.E., in charge with two officers, Messrs. Sexton and 
Murphy, and three traversers doing traversing and one surveyor doing plane- 
tabling. Later on this camp was broken up. One of the officers, Mr. Sexton, 
left the camp to do triangulation, the other one, Mr. Murphy, left to do 
plane-tabling in Camp No, 2, one of the traversers, Khurshed Beg, died, and one 
surveyor was transferred to Camp No. 3, and Licutenant Perry himself 
was transferred to Camp No. 2 for instruction in plane-tabling, leaving only 
two traversers who were then placed directly under Major Rich. 

This camp surveyed 145 square miles on the 1-inch scale, traversed 44 
linear miles and completed 207 linear miles of theodolite boundary survey. 

Camp No. 2.—Consisted of Mr. W. G. Jarbo in charge with eight sur- 
veyors and apprentices and surveyed 1,474 square miles on the 1-inch scale. 

Camp No. 3.—Consisted of Mr. Asmat-Ullah Khan, K.S., in charge 
with ten surveyors and apprentices and surveyed 752 square miles on the 1- 
inch scale and 125 square miles on the 2-inch scale. 

The average outturn per man per mensem of 26 working days was as 
follows :— 

New 1]-inch detail survey 30°2 square miles per mensem. | 
2-inch 3 101 ~=C«s js. 3 ‘3 

These averages are slightly less than last year. 

Triangulation —Mr. H. B. Simons triangulated an area of 800 square 
miles in shects 927-477. 7 

Mr. V. W. Morton triangulated an.area of 1,000 square miles in sheets 
92 «°1,.i') with reconnaissance in shects 92, ,-. 

Mr. C. B. Sexton triangulated an area of 900 square miles in sheets 
92 Ee. 

The same kind of country was triangulated by all three triangulators 
consisting of thickly wooded hills and deep valleys sparsely inhabited. 

To clear hill tops, for making stations, cost in some cases several hundred 
rupees as the jungle was so thick. 

The total outturn of 2,700 square miles was much smaller than calculated 
owing to Mr. Simons being only able to work for half the season and to the 
curious climatic conditions in the area worked over by Mr. Morton. 

Mr. Morton commenced his reconnaissance in the beginning of November 
and completed it soon after X’mas. Before he had time to commence observ- 
ing, the winter rains set in and the higher hills were blocked by snow. It 
rained practically every day from the beginning of January till the end of 
March. As soon as the rains, had stopped, heat haze set in completely 
blocking out all the view. ‘The result was that Mr. Morton’s area was 
only about half what it would otherwise have been. 

This year triangulation is being commenced in this tract early in October 
and it is hoped to complete it early in January before the snow and rains set in, 

In each case the instruments used were two vernier 6-inch transit theodo- 
lites. 

Traverstng.—Two officers, and three traversers under the direction of Lieu- 
tenant W. E. Perry, R.E., in charge of Camp No. 1 were employed during part 
of the season in surveying 4-inch boundary traverses round the Maigna, Kawan 
and Namkwin reserve forests and part, of the Zigyun and Talawgyi reserve 
forests totalling 207 linear miles. In addition 44 linear miles of ordinary 
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traverse were run inside these reserves to help the plane-tablers. The area 
covered by these latter traverses is included in the area of triangulation as it is 
only supplementary work. The instruments used were two vernier 5-inch 
Everest theodolites. 

The country under survey consisted for the most part of mountain ranges 
from 3,000 to 12,000 feet high, intersected with deep valleys, all covered with 
dense jungle. 

The higher ranges were covered with snow from January to April and 
when the snow cleared away, heat mists obscured the view, so the work in these 
higher ranges was carried out under considerable difficulties. 

In sheets 92 +. bordering on the Irrawaddy the country was low lying 
and consisted of flat plains and low undulating hills covered with dense jungle 
which necessitated working almost entirely by plane-table traversing, 

The local civil, forest and military police oilicials rendered us every 
possible assistance. 

The health of the party remained good throughout the season except for 
a few cases of malaria which accounted for the death of one traverser, K hurshed 
Beg, and two khalasis. Mr. V. W. Morton’s camp was struck by lightning 
on a hill top at the end of March, killing one khalasi and severely injuring 
two or three others who ultimately recovered. 

Recess duties.—The mapping of all the sheets surveyed during the season 
is well in hand and will all be completed before the party takes the field. 

The mapping has been divided into two sections under Lieutenant W. E. 
Perry, R.E., and Mr. V. W. Morton. 

The computations of the triangulation done during the field season have all 
been completed and rough triangulation charts of sheets 92 D and 92 H with 
data have been sent to the Superintendent, Eastern Circle. 

The traverse computations of all traverses and 4-inch forest boundary 
surveys have been completed. 

The new Maymyo drawing office under Captain E. B. Cardew, R.E., and 
Mr. J. Smith with five draftsmen commenced work in May and has completed 
the maps for the preliminary issue of the North Burma Exploration Survey as 
well as the fair drawing of the detail in degree sheets 92 E, F, I, J, of which 

he hill drawing will be completed during the winter. 


No. 11 PARTY (LOWER BURMA). 


By Caprary L, G. Crostuwait, I.A. 


With field head-quarters in Tavoy the party started detail survey at the 


Punsoener: beginning of November 1912 in the north 
Imperial Officers. of the Tavoy district of the Tenasserim 
capie ye Te Go Grcet teats, EeBe tmchatze. division of Lower Burma and returned to. 


Lieutenant H. E. Roome, R.E., from 18th May rt M to d 
1913. rece arters at Maymyo tow 
Provincial Officers. mene. eres : ymy ards ene 


mm e ® 
Mr. J. Smith, from 7th December 1912 to 26, C©2d of May 1913. Triangulation was also 


May 1913. ° ; 
Mr. C, Litchfeld, up to 15th May 1913. carried out in the south of the same 


Mr. C. S. Littlewood, from 10th August 1918 to istr] : ° 
a7th September 19138. g district and extended into the Mergui 


Mr. A. M. Talati. district. 
Mr, T. P. Dewar. 
Mr. H. St. J. Kenny, up to the 81st May 1913. The country under survey lay between 


Mr. A. J. Booth. : ; 
Mr. R. M. Wyatt. the sea coast and the Siam frontier,. 
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Upper Subordinate Service. practically the whole of it being densely 
Mr, Raghubar Datt Thaplyal. wooded with hills rising to 6,800 fect. A 
Lower Subordinate Service, survey was also made of the North and 
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Middle Moscos Islands which lie from 15 
to 20 miles off the coast. The district is one of the most thinly populated of 
Burma and nearly the whole of the population is gathered along the Tavoy 
River, for which reason, together with the competition set up by the newly 
started wolfram and tin mining industry, labour is difficult to obtain. The 
district is badly provided with communications and there being no pack trans- 
port obtainable, Chinese mules were brought down from the Yin-nan frontier 
of the Northern Shan States. Rice is scarce and large quantities had to be 
sent out from Tavoy. 

The programme of detail survey could not be completed before the rain 
began, parts of three sheets being left unsurveyed. This was due to the great 
scarcity of local labour, sickness and to the deputation of two first class survey- 
ors to the missions after the submission of the programme. 

The climate with an average rainfall of 230 inches is hot and damp and 
the party su‘fered considerably from rheumatism, malarial fever and general 
ill health brought on by the bites of leeches and other insects which abound in 
the evergreen jungle. 


Topography.—The area surveyed comprising sheets 95 ,f5 95 s344-7y 
and parts of sheets 95 _-, was 1,745 square miles on l-inch scale, and 215 
square miles of reserved forests on 2-inch scale, the party being divided up into 
three camps under Messrs. C. Litchfield, T. P. Dewar and H. St. J. Kenny. 


For reasons already stated progress was slow. 


Triangulation.—Messrs. A. M. Talati and R. M. Wyatt and surveyor 
Muhammad Yusuf Khan were employed on triangulation and completed sheets 
95 K and O, an area of 3,929 square miles. The triangulation was based on 
the Eastern Frontier series principal triangulation and the secondary triangu- 
lation to Bangkok of 1877. 

The pillars and mark stones of some of the stations had entirely disappeared, 
hollows being found in their place. In such cases the triangulator placed 
fresh mark stones in the centre of the hollow. The country was mostly unin- 
habited and difficult to get about in. 

Traversing.—A boundary traverse with the theodolite was made of the 
Pandet-in and part of the Kaleinaung and Heinzé reserved forests. The tra- 
verse of the latter two reserves was computed in the field. 


Recess duties.—The fair mapping was divided into two sections, one under 
Mr. T. P. Dewar which drew sheets 95 ,*¥,, ;,, and the other under Mr. A. J 
Booth which drew sheets -> 


4, 7, 8, 16° 

The season’s triangulation was computed during the recess and fair plots 
made of the forest boundary traverses. 

Cost rates.—The cost rates which are given in Table IIT are slightly higher 
than last year for l-inch survey, while they are slightly less for triangulation 
and fair mapping. 

The high rates for traversing and 2-inch survey are due to the density of 
the jungle in the reserved forests and a large number of surveyors having to 
be employed for so small an outturn. 

Owing to the great demand for labour in the Tavoy district the civil 
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authorities are reluctant to enforce the Government rates and the rising of the 
already exorbitant wages will make future work expensive. 

If the outturn and cost of last year’s }-inch survey be deducted in comput- 
ing the inclusive cost rate, that for this year shows a small increase only. 

Six Superintendents of the Burma Land Records Department were at- 
tached to the party for training in plane-tabling in two batches for two months 
each. | 

Applicants for mining concessions are required to submit surveys of the 
areas they require on scales from four to eight inches to a mile, which are re- 
duced to 1-inch scale and fitted on to our maps. As these are frequently theo- 
dolite traverse surveys made by well trained European and Indian surveyors, a 
comparison between the large and small scale surveys puts the 1-inch maps of 
the party to a severe test for country of this nature. So far they have, on the 
whole, stood the comparison very well. 

A party of Siamese surveyors was carrying out triangulation on the other 
side of the frontier and some of its stations were on the same hill tops as those 
of the party. 


No. 12 PARTY (ASSAM). 


By Masor A. Mears, I.A. 


The operations of the previous season were continued eastward, being 
limited to the north by the Bhutan State 


PERSONNEL. and on the south by the Khasi foot hills 
Imperial Officers. 


comprising standard shects 78, joir 3: ; 
Major A. Mears, I.A., in charge from 24th P — 8, 10, 11, 43, 14, 16, 16 


October 1912. and 83 :3-s-,, say The survey was carried 
Captain G. F. T. Oakes, R.E., in charge 2 - 
from lst to 23rd October 1912. out mainly on the l-inch scale and con- 


sisted partly of original and partly of 
supplementary survey. The Darranga, 
Khalingduar, Hajo, Sildar Hill and Singri 


Provincial Officers. 


Mr. W. Skilling. 
Mr, Pramadaranjan Ray, Rai Sahib. 


Mr. E. M. Kenny. reserved forests, comprising an area 
Mr. Awjad Ali. of 87 square miles and situated in the 
i . ae area under survey, were mapped on the 
Mr. It. A. Gecade 29-inch scale. In addition the Sonaikuchi 


and Kolahat reserved forests, surveyed on 


U. Subordinate Service. ; . 
Bs ee the 4-inch scale during season 1904-05 


Mr. Nanak Chand Puri. 


Mr. Sajoni Kumar Ghosal. were revised; the large scale survey 
. proved very good except for the hill fea- 
Bowen Sanond ia aleeerrier tures which had to be recontoured. A 


41 Surveyors, etc, special survey of the Upper Dihing and 


Jaipur reserved forests, district Lakhimpur, was also commenced, the work 
being much hindered by bad weather. 

The country under survey much resembled that of the previous season, the 
hills densely wooded and the alluvial plains of Brahmaputra, where not under 
sultivation, covered with impenctrable “khagra’’ grass, some 15 to 20 feet 
high, with scattered trees and clumps of jungle. Field work commenced about 
the middle of November and closed at the beginning of May when the weather 
became very unsettled. The health of the party was good on the whole, a 
slight outbreak of cholera occurred during the last month of the season from 
which three khalasis died. Four of the party’s surveyors were lent to the 
Forest Officer, Port Blair, for a special forest survey in the Andaman Islands. 
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Topography.—The detail survey programme was carried out by three camps 
under the charge of Messrs. Pramadaranjan Ray, Rai Sahib, Amjad Ali, and L. 
Williams. To Mr. Pramadaranjan Ray, with a strength of nine surveyors, 
was allotted the survey of 43 shects, Mr. Amjad Ali, with eight surveyors, carried 
out the survey of 53 sheets, and Mr. L. Williams, with seven surveyors, surveyed 
4 sheets in all. With the exception of the area surveyed by Mr. Ray’s camp 
and a narrow strip along the Bhutan boundary, the country was flat. Portions 
of the Kamrip and Darrang districts are well populated and extensively culti- 
vated ; along the foot hills of Bhutan and the Khasi Hills there are a consider- 
able number of tea gardens. Where not under cultivation, the plains area is 
covered with high grass jungle and difficult of survey till dry enough to burn. 
The hills are densely wooded and contain a certain area of sal forest. With 
the exception of the Gauhati-Shillong road, an excellent metalled road, indif- 
ferent footpaths are the only means of communication in the hills; fair cold 
weather cart roads exist throughout the whole of the plains. ‘Ihe work was 
somewhat hindered at the start by an outbreak of cholera in the Rangia Thana 
which necessitated a redistribution of plane-tables and the throwing of several 
surveyors into the same shect until the epidemic had died out. 

Less difficulty was experienced on the whole than in previous years, in 
obtaining supplies and labour; it was, however, still found necessary to attach a 
Revenue peon to every three or four surveyors to render assistance in this. 
respect. 

A trial was given to Bristol boards and plane-tables mounted with these in 
place of drawing paper were issued to several surveyors. ‘he idea that projec- 
tions on boards would be less affected by distortion was not realized, probably 
owing to the humidity of the atmosphere in Assam ; as these boards are dis- 
tinctly awkward to handle and the surface will stand very little erasing no 
advantage is obtained from their use. 

The detail outturn of the party for the season comprised 3,337 square miles 
on the l-inch scale and 43 square miles (includes 6 square miles special 
forest survey) of reserved forests surveyed on the 2-inch scale. This for the 
nature of the country may be considered quite a satisfactory outturn. Al- 
though a large proportion of the area was nominally a supplementary survey, 
its resurveying practically amounted to original work ; drainage and village 
site detail had completely changed owing to the many years that had elapsed 
since the Revenue survey. Rivers were found to have shifted their courses in 
some cases several miles and in others to have altogether disappeared. ‘The 
main channel of the Brahmaputra River, except where it is confined by hills or 
rocky formations, has moved considerably southwards, in places as much as 
4 to 5 miles. 

The survey cost rates for the year may be considered most satisfactory 
being the lowest so far on record in the party. The slightly higher rate for 
revision survey is accounted for by the smallness of the area and the fact that 
this survey was done early in the season when the jungle was exceptionally 
dense and the outturns consequently small. 

The special 2-inch forest survey cost rate is abnormal; the work was only 
started during the last month of the field season and was interrupted by daily rain. 

Triangulation,—The triangulation was carried out by three Provincial 
Officers, Messrs. W. Skilling, E. M. Kenny and P. C. Mitra, and was based 
on the Assam Longitudinal Series. Connections were made to two bench- 

B2 
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marks of the Gauhati-Dibrugari: line of levels from which all the heights of 
the season’s triangulation have been deduced. The area triangulated totalled 
2,600 square miles falling in standard sheets 83 yy 15,15 83 sszareawarc and 
comprised the foot hills of the Khasi and Jaintia Hills and a block known as 
the Mikir Hills. The latter were triangulated in seasons 1871-72; several of 
the old stations were found and utilized; the resulting values accorded well. 
The entire area triangulated was thickly wooded and necessitated very heavy 
clearing for stations, particularly in sheets 837,;, which mainly consist of re- 
served forest. Communications are indifferent in the Mikir Hills where coolies 
are the only possible form of transport. The triangulation cost rate is some- 
what above that of previous years due to three Provincial Officers being employ- 
ed on both field and recess work, one of whom was highly paid; the dense 
nature of the jungle and the employment of cooly transport also affect the rate. 

Traversing.—Supplementary traversing, for the purpose of obtaining 
heights for the topographical survey of the country, was run in the cadastrally 
surveyed areas of the Nowgong and Darrang districts. Traversing had also to 
be resorted to in the plains where impossible to fix sufficient points by triangu- 
lation for its detail survey. An attempt was made to traverse the undemar- 
cated boundary between the Darrang districts and the Dafla Hills, but had to 
be abandoned on account of the denseness of the jungle and lack of communi- 
cations and villages along the border. This survey will necessitate very com- 
plete arrangements for labour and supplies being made beforehand and has 
therefore been postponed till the coming field season. In all 588°5 linear miles 
of traversing were run which exclude 43°3 linear miles of forest boundary 
traverse, 327 selected stations are permanently marked, 566 zinc cylinders were 
also embedded. The country under traverse differed in no respect from that 
surveyed in detail. 

The cost rate for ordinary and boundary traversing is high and is due to a 
Provincial and an Upper Subordinate officer having been employed on this 
work, the boundary traversing having been entirely performed by these 
officers. 

Recess duties.—The fair mapping of the season’s survey was distributed 
between three Drawing Sections under the charge of Messrs. P. Ray, Amjad Ali 
and L. Williams; sheets surveyed by these assistants being as far as possible 
allotted them to fair map, the two first named having 5 sheets each to draw 
and Mr. Williams 4 sheets. The progress of the fair mapping has been very 


satisfactory. Sheets 78 sii and 83 47 of the currert work have been sub- 


mitted for publication before the close of the survey year and the remaining 
sheets 78 j,i; \cie and 83 ;, 4, Will be completed before the party takes the field. 
In addition sheets 78 ?,, and 78 5575 57-a15 Surveyed in season 1911-12 have 
been completed and submitted for publication during the year under report ; 
this makes a total of 20 standard sheets for the year. 

The cost rate for the fair mapping amounts to Rs. 6°7 per square mile 
which is-lower than that for the previous year. 

The triangulation and traverse computations of the season have been com- 


pleted, the work proving satisfactory. 
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TABLE I. 
OUTTURNS OF DETAIL SURVEY. 


| AvERAGE WUMBRE Op 


OctturKY. | FIXINGS PER SQUABR 
MILE. 
Beale, | Class of Survwey.| Circle. Party. Locality. Total a an | In sita 
Square |permonth, (by re- 
miles. Square | section), 
miles. | 
}-inch .| Revision N No. 1 | Kashmir ; : },036 |401:0 0°32 ous 
Survey. 
Z-inch .| Survey. 8 No. 6 | Hyderabad 1,086 | 57°9 8°4 ove 
4-inch .| Revision N No. 1 | Kashmir 684 3908 | 014 
Survey. 
E No. 9 | Biharand Orissa . 1,189 | 47°9 5:0 
.einch . | Survey N No. 1 | Kashmir : 3.091 | 37:7 56 
N No. 2 | Punjab , 2,661 | 33°1 ae 16°1 
N No. 3 | Punjab and United Pro-| 2,164 | 27-0 ak | 6:0 
vinces. 
iS] No. 6§ | Central Provinces. .| 2,575 | 26:0 (0) ine sag 
S |No. 6 | Berar and Hyderabad 1,508 | 17°5 23°0 
8 No. 9 | Madras 662 | 32:1 9-7 am 
8 No. 8 | Madras aod Travancore 1,358 |; 99 6°6 26°7 
E No. 9 | Bibar and Oriesa ; 32 | 32:0 3:0 
E No. 10 | Upper Burma 2,347 | 302 100 
E  |No. 11 | Lower Burma ef 1,745 | 252 | 44 5:2 
E No. 12 | Assam. ‘ ; 935 | 24°7 11:0 ivi 
1-inch .| Resurvey . N No. 4 | United Provinces. 3,993 | 26°2 26:0 (a) ess 
l-inch .| Revision N No. 2 | Punjab : ‘ 6,331 | 38°4 ssa 12'7 
Survey. 
N No. 3 | Punjab and United Pro-| 4,960 | 33:0 {11:0 50 
vinces. 
8 No. 6 | Central Provinces ., 1,115 | 26°0(0) | 9°0 ove 
Ss No. 7 | Madras and Mysore 4,040 | 48°6 61 
E No. 9 | Bibar and Orissa 476 | 33°7 4:0 ee 
E |No. 12/Assam , .  . 116 | 236 §©| 8:0 o 
i-inch . | Supple- N No. 4 | United Provinces 1,467 | 49°9 15'3 (a) 
mentary 
Survey. E No. 9 | Biharand Ornssa_.. 2,303 | 208 (12:0 
E No. 12 | Assam. ‘ . 2,286 | 28°3 12°0 cee 
l}-inch | Survey. 5 No. 7 | Madras : . 312 | 13°8 25°6 (a) vee 

8 No. 8 | Madras and Travancore 256 79 3:2 36:5 
2-inch .| Survey 8 No. 6] Berar. ‘ : 434) 83 55:0 (a) ies 

S No. 7 | Madras , ; 13 | 70 39°0 iis 

| 

E No. 9 | Bihar and Orissa sy. : 30 | 46 79°0 ai 

E No. 10 | Upper Burma ° ‘ 126 | 101 sa 44°0 

E No. 11 | Lower Burma ° : 215 | 86 2°9 56°9 

E No. 12 | Assam . ’ ‘ : 37 | 8&7 46°0 ‘ei 
2-inch | Revision N No. 2 | Punjab ; : ‘ 263 | 441 73 ove 
and Survey. 
4-inch . 
Ginch .|Survey  . N No. 2 | Maler Kotla State (Pun-/} 10-50 ‘ eat 
: (Speocia].) jab). acres. 
4-inch .|Survey .| N No. 20 | Delhi. : . .| 6,280 as se 
16-inch | Survey ‘ N No. 20 | Quetta Civil Station -| 1,248 sa “ 
16-inch | Resurvey .| N No. 20 | Saugor Cantonment .| 4,916 eee 
64-inch | Resurvey N No. 20 | Saugor Cantonment ‘ 95 


(a) Including plane-table traverse fixings. ! (b) Includes l-inch survey and revision, 
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PART II.—GEODETIC AND SCIENTIFIC OPERATIONS. 


ASTRONOMICAL LATITUDES. 
No. 13 PARTY. 
(Fide Index Map No. 10.) 


PERSONNEL, 


Imperial Officer. 


Major H. L. Crosthwait, R.E., in charge up to 
28th February 1913. 


Captain V. R. Cotter, I.A., in charge from As no officer was available, no Astro- 
st March 1913. | nomical Latitudes were observed during 
Upper Subordinate Service. the field season 1912-13, 


Mr. Bidba Bhusan Shome up to 30:h June 
1913. 


Lower Subordinate Service. 
1 Computer. 


PENDULUM OPERATIONS. 


No. 14 PARTY. 
(Vide Index Map No. 10.) 
By Captain H. J. Coucuman, R.E. 


During the scason 1912-138, pendulum observations were made at 14 
stations situated near the meridian of 78° 


PERSONNEL. and stretching from Bhopal to near Bu- 

Imperial Officer. landshahr. These observations fill in the 

Captain H. J. Couchman, R.E. gap between those of 1906-07 which ended 

Provincial Officers. at Gesupur (latitude 28° 33’) and those. 

Mie. Hanunian Prosadscup towpril 40th: of 1908-09 in the northern portion of the 
Mr. O. N. Pushong, fiom May 1dth. Central Provinces. 

Lower Subordinate Service. ‘The lst of stations will be found in 

4 Computers. Table IV. With the exception of Kalian- 


pur all are situated on flat or undulating 
country. Near Bhopal und Guna are scattered hills running up to 300 and 400: 
feet above the station. Kalianpur is on the western edge of the high ground 
which runs up through Sipri almost to Gwalior. This is the station of origin 
of the Indian triangulation, and the pendulums were swung in the room, 
originally built as an office by Sir G. Evercst, where Captain Basevi swung his 
pendujums in 1867. 


Thanks to the kindness of the local officials good observing rooms were 
available at all the stations, and the control of temperature was easily arranged. 
The only exception was Bina, where the roof was of loose stone slabs, indiffer- 
ently weather-proof. Table I. shows the mean temperatures at each station 
and the hourly changes, and it will be noticed that the mean hourly changes. 
were remarkably constant. 
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TABLE I. 
NIGHT. Day. Maan. 
StaTiow. 
Avernge Average | Average 
tempera- Hourly tempera- | Hoarly tempera- Hoarly 


ture C. change. ture C. |! change. ture C. change. 


we aioe | ae ~ 


Dehra Din. wtiawt«( isi +0°10 18°57 +008 | 1869] +0-09 
Bhopal. . . . «| 1998] 40:01! 1883; +021] 1938! 40-11 
Kalianpur «wi 2247 | 40-08] 21:99} 40:02 | 22:23] 40°05 
Bing . . . «~~ .! »«-1653 | —0-02 — +026 | 15°90 | +0°12 
Guna. we | 18-79} 4010! 1816] +007] 18:48] 40°08 
Lalitpur ee 1007-1 40-07 | 16-79 | +012] 1693] +010 
Sipri st, 21:45 | +0-06 “ +010 | 21:32 | +0:08 
Jhansi 21:85 | +0:15 |} 21:37! +005 | 21:86] +0°10 
Gwalior 19°30 | +014] 159; +009] 19:70] +011 
Dholpur - +017 stad +012 | 21:78 | +0°15 
Agra “~ +011 ! 19:27 | 4010] 1947 | +010 
Muttra . | 90-72 | +014] 20:80) +012 | 20-76] +013 
Hathras yf 20°61 | 40°14 2036. +018 | 20:48] +018 
Aligarh oe L 2096 | 40-22 | 20-70 +008 | 20°83 | +010 
Khurja . . , , .| 24°96 | + 0:07 | 24°77 | +0:12 24-86 + 0°09 
Dehra Din. » of 8415 | 40°08 : 2421) +018] 2418} +011 


Observations for flexure were as usual made at the beginning and end of 
work at each station, two sets being taken on each occasion. The greatest 
difference between the mean before and after work was 1:3 X10~’ seconds and 
the station means varied from 40 to 58. The actual values are not shown as 
they call for no comment. 

The clock rate was determined by Mr. Hanuman Prasad. The mean 
p. e. of a clock rate determined from observations on two successive nights 
was+0°'016 seconds and the mean p. e. of the rate derived from observations 
to one star on two successive nights was +0063 seconds, These probable 
errors are very slightly higher than usual, but the error in time of vibration 
due to clock rate is under 1x 10~’ seconds. 

Table II. shows the times of vibration of the four pendulums at Dehra Din 
in November 1912 and April 1913. The mean time of vibration, 0°5072516 
has been adopted for reducing the scason’s observations. This value agrees 
exactly with that used for the scason 1911-12. 
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TABLE II. 
Times of Vebratton of the four pendulums at Dehra Din. 


\ 


Date. 137 138 139 140 Mean. 
| es ees oe 
| 
1912, | 
Nov. li—l2 0:5072575 | 0°5074984  0°5971602 | 0°5070867 | 0°507250% 
12—18 2605 4955 _ 1621 0364. 2519 
18—14 2586 4976  - 1606 0864 2508 


14—15 gA9() 4993 1616 0883 2529 


{ 
| 
{ 


Mean .| 0°5072589 | 0°5074985 | 05071611 | 0-5070869 | 0°5072514 


1 . 


1913. | | 
Apl. 9-10 0507256 | 0-5074978 | 0°5071585 : 05070868 | 05072504 
10—11 2586 5020 | 1619 | 0867 2523 
15—16 2598 4092 | 1618 0872 2519 
16—17 2598 5901 | 1631 OR92 2529 
| 


| 


| 
| 
Mean —«|_:0°5072589 | 0°5074998 | 05071618 0:5070875 | 0-5072519—- 


re ct a ee eee 
--- == 


0'5070872 | 0°5072516 


General mean : ee 05074992 | 0-5071612 


It should be noted that these observations were made in the new pendu- 
lum room at Dehra Din. This room is about 300 feet due south of, and 12 feet 
below the old pendulum room in the large photo-heliograph building. Obser- 
vations made in both rooms in April 1912 showed that there was no appreciable 
difference between them. 

In Table III is given the mean time of vibration at each field station, with 
the value of g deduced therefrom. The value of g at Dehra Din has, as usual, 
been taken as 979°063 dynes. 
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TABLE III. 
| 
eration | viomige. | Poebse base™| yates 
a bee 
! 
Sec. Sec. Dynes. 
x 10-7 
Dehra Din 0°5072516 | asa, 979°063 
Bhopal ; | 3427 +911 978-711 
Kalianpur . 2 o : $258 +742 978°777 
Bina : $209 +693 978°795 
Guopa ; y 8179 + 663 978°807 
Lalitpur a er 3160 +644 978°814 
Sipri _ « 8001 +485 978-876 
Jhansi 2 & & 2918 +397|  978:910 
Gwalior ‘ ‘ 2788 +272 978°958 
Dholpur ‘ : 268] + 165 978°999 
Agra | 2534 | +18| 979-056 
Muttra 2492 —24 979-072 
Hathras : : 2484 —32 979°075 
| 
Aligarh , = 2456 —80 979-075. 
| 
Khurja | 2°5072468 = 48 979°082 


rF3 
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The final results of the season’s work are shown in Table IV. This table 
‘has been prepared on different lines this year and requires explanation. The 
first change to be noted is in the formula for computing y,, the normal value 
-of gravity at sea-level. Previously we have used Helmert’s old formula 
deduced in 1884, viz. :— 
y,==978'0(1+0:005310 sin’), where ¢ is the latitude of the station. 
When one formula has been in use for a number of years it is always a 
difficult matter to change, as there must be a break of continuity in the publish- 
_ed results. However at the present time a new Professional Paper is about to 
be published, containing an account of the pendulum observations since 1907, 
‘the date of the last Professional Paper. In this new paper Helmert’s later 
formula, deduced in 1901, is being used for all stations and it will, therefore, 
be used in this, and all our future records until and unless a better formula is 
introduced. Helmert’s 1901 formula is :— 
y, = 978°030(1+40°105302 sin’d —0:000007 sin’2 ¢). 
‘The effect of the change of formula is to increase y, at all stations by amounts 
varying, in India, from °029 to °021. 
The next change of procedure is the method by which the anomalies g—y 
_are obtained. Formerly the practice has been to correct g, the observed value 
-of gravity at the station, for height and mass and to compare this corrected 
value, usually called g.”, with y,. This practice is certainly rather confusing, 
as it is difficult to say what g,” really represents. In the new Professional 
Paper, therefore, the theoretical corrections for height and mass are applied to 
the theoretical value of gravity at sea level to obtain the theorctical value at 
the station, which is then compared with the observed value. The values of 
_g—y are, of course, the same whichever procedure is adopted. 
Considering next the actual corrections used, that for height is obtained 


from the formula = where R=radius of earth=20,900,000 feet. 


The formula for the (Bouguer) mass correction has been slightly changed 
in this report and in the new Professional Paper. The actual formula is 


ay ae x ae where 5=mean surface density of the earth 


A =mean density of the earth as a whole. 
‘Up to the present we have taken 5=2'8, A=5'6 whence a =5 and the for- 


mula becomes Se Better values of 5and A are, however, 2°67 and 5'576 


whence — = — and these values are now being used, so that the formula 


for the (Bouguer) mass correction is-+ pile 
The (Hayford) mass correction was explained in last year’s records and is 
being dealt with at length in the new Professional Paper. It is based on the 
assumption that all masses above sea level are of density 2 67 and are compen- 
sated by deficiencies of density below sea level, compensation being complete at 
a depth of 70 miles below that surface. Similarly ocean areas are compsnsated 
by excesses of density and the amount of matter in any column standing on a base 
of unit area and extending from the actual surface of the earth or sea down to a 
depth of 70 miles below sea level is always the same. Furthermore the whole 
surface of the earth is taken into account, curvature being amply allowed for. 
We now come to the columns in Table IV y,, y, and y,, these suffixes 
-being new. It was necessary to introduce new symbols to replace the g, and 
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gz”, previously used and also to represent the Hayford, or compensation, method 
‘of correcting for mass. The new symbols are self-explanatory. 

y, stands for y, corrected on the free Air hypothesis, ¢.e., for height only. 

y, stands for y, corrected on the Bouguer hypothesis, t.e., for height and 
mass (Bouguer). 

yc stands for y, corrected on the Compensation hypothesis, 7.e., for height 
and mass (Hayford). 

It is advisable to explain that although the Bouguer correction allows for 
the effect of surface masses and the Hayford correction for surface masses and 
their compensation, yet the difference between the two corrections does not 
represent the effect of compensation. The reason for this is that the Bouguer 
correction takes no account of the curvature of the earth and consequently 
the effect of surface masses beyond a certain distance from the station, usually 
35 miles, but greater for stations in and near mountainous country, is (rightly 
on this hypothesis) assumed to be nil. The Hayford correction, on the other 
hand, makes full allowance for curvature and takes into account the surface 
masses and compensation of the whole earth, and it can be shown that, although 
the net effect of the topography and compensation in very distant zones is 
small, this is merely due to the fact that the two effects are almost equal in 
magnitude but of opposite sign; the effect of the topography alone or of the 
compensation alone is large. 

For example the Hayford correction for all zones extending from about 
1,800 miles from the station to the antipodes varies in India from 0°0018 to 
0:0022 but the correction for topography alone in these zones varies from 0°094 
to 0°117-at the four stations for which the correction has been computed. 

The difference between the two mass corrections is, therefore, due to the 
effect of the compensation of the topography of the whole earth together 
with the effect of the topography beyond the “certain distance from the 
station” given above, 

The rest of Table IV requires no explanation except that the column 
headed g gives the observed value of gravity at the station, assuming that at 
Dehra Din the value is 979-063 dyues. 

Dealing now with the residuals in the last three columns of the table, we 
note first that the Bouguer residuals g—y, are negative throughout. This is 
no way unusual for, as will be seen in the new Professiona] Paper, these 
residuals are negative at practically every station at which observations have 
so far been made. The reason of this preponderance of negative values is 
probably this. The values of g—yon the Bouguer hypothesis have a well- 
known tendency to be positive at stations near the coast and negative in and 
near high ground. The fundamental formula for y,, which has been deduced 
from a consideration of the Bouguer residuals, has, it is beiieved, been derived 
mainly from observations at stations on or near the coast and distant from 
high ground. Consequently at other stations, such as are dealt with this. 
season, the residuals have a natural tendency to be negative. Itis probable 
that if a new formula for y, were to be derived from Bouguer residuals at all 
Indian stations the value of the equatorial constant would be about 977°98 
instead of 978°03. 

However we are really concerned with the relative and not the absolute 
values of g—y,. The mean residual for the season is 0:031 and if we consider 
this value indicating normal gravity we see that there are three areas where 
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gravity is relatively in excess. The first of these comprises the stations 
Bhopal to Guna, with a maximum at Kalianpur, and the results show that this 
area probably forms part of the belt of high density or “ hidden chain.” 

In 1908-09 observations were made at five stations south of Bhopal on the 
meridian of 78° and the residuals at these, varying from —0°013 to —0°026, 
show that gravity was relatively in excess atall. The belt of high density, 
therefore, probably extends from south of Amraoti, the most southerly of the 
five stations referred to above, to Guna and possibly on to Sipri and Jhansi. 

The residual at Lalitpur, however, shows a local defect in gravity, and 
as the plumb line deflections have confirmed the evidence of the pendulums 
by indicating this defect and also the relative excess at Jhansi and Sipri, and 
have also suggested a defect between the latter and Guna, it seems probable 
that if pendulum observations could have been made between Sipri and Guna 
a relative defect would have been found. The main area of excessive gravity, 
therefore, probably ends just north of the line from Guna to Bina, and seeing 
that it extends at least as far south as Amraoti we have, after allowing for the 
topography, an excess of matter to the south of Kalianpur which lends strong 
support to the assumption that the deflection at this, the station of origin of the 
Indian triangulation, is southerly. 

It is also to be noted that in the first seven stations of the Table, omitting 
Bhopal, we have three pairs, each station in a pair being nearly on the same 
latitude as the other. Considering the residuals we see that in each case 
gravity at the western station is relatively greater than at the eastern. Thus 
Kalidnpur is greater than Bina by 0011, Guna than Lalitpur by 0:018, and 
Sipri than Jhansi by 0°008. This if not a coincidence, seems to show that 
there is a relative deficiency of mass east of Kalianpur and that the prime 
vertical deflection there is probably westerly or positive. Wo cannot, however, 
be certain of this until observations have been made to the west of Kaliaupur. 

The third area where gravity is relatively in excess is that included by the 
stations Agra to Hathras and here again the pendulum agrees with the plumb- 
line. North of Hathras there is a rapid drop to Khurja, with an equally rapid 
rise to Gesupur (latitude 28° 33’, observed at in 1907), where the value of g—y, 
is —0°043. Once again we have other evidence of this trough of low density 
in the deflections at four stations on the Great arc. These stations are :— 


STATION. | Latitude. Longitude. Deflection. 
° ’ o 8 ” 
Noh. ' ; : ; : 27 51 77 Al 0-1 south. 
‘Chandans : : : ; 28 5 77 54 0°9 north. 
Bostan . ; 3 ‘ ° ; : 28 $1 77— 88 54 Cs, 
Datairi ; : : : : 28 44 77,41 5:8 
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Bostan is close to Gesupur and Chandaos about 9 miles south of Khurja. 
Between the two stations there is a change in deflection of 44 seconds, the 
plumblines being deflected away from each other, showing that there is probably 
either an excess of mass north of Bostan or south of Chandaos ora defect of 
mass between them. If there were an excess of mass we should expect to find 
either a smaller northerly deflection north of Bostan ora greater northerly 
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deflection south of Chandaos but as we find neither of these the assumption 
of a defect between the two stations is the only one that suits the deflections. 
It may also be noted that the southerly deflection at Noh, some 12 miles north- 
of Muttra, indicates the probability of an excess of mass to the south and this. 
the pendulums have now shown. 

We sce therefore that the main features of the season’s results are in 
agreement with the evidence of the plumb line, and the chart facing this page: 
will make this clear. 

Turning now to the values of g—y, 7.e., the amounts by which gravity is 
in excess or defect on the assumption that all surface masses are compensated 
below sea level, we note first that the positive sign predominates. This is 
generally the case with these residuals and may merely mean that our formula. 
for y, may have to be slightly altered. The differences from station to station 
are, however, much the same as those of the Bouguer residuals, though it is, as 
usual, noticeable that at stations in and near high ground the change in residual 
is greater. Thus at the first six stations, all of which are over 1,100 feet, the. 
increase varies from 0°043 to 0'048 ; at the next four from 0°034 to 0°036, and 
at the remaining stations there is a progressive increase from 0:038 to 0°046, 
this being due to the greater proximity of the Himalaya. 

The total range of the residuals is nearly the same in both cases, viz., 0°046- 
for the Bouguer and 0°048 for the Hayford. 

In the observations of this season, therefore, no improvement has been 
effected by the assumption of complete compensation. As has often been 
pointed out large changes in the residuals are only to be expected near large 
excesses or defects of mass, z.e., near mountains or seas and at such stations the. 
change in the residuals is always in the right direction, since near mountains 
Bouguer residuals are negative and near seas positive. 

In last year’s report several instances were given of this capnevanene but . 
as the values of y, and of the height and mass corrections at all stations have. 
been recomputed this year it is well to show the results again and to include 
the new stations at which the corrections have been computed. 

Dealing first with stations in the Himalaya or other mountains we. 
have :— 


Station. Height. ors 


Change. 

Sandakpha.. ; ; ; ‘ : 11,766 —0°155 +°203 
Mussoorie : : ' ; ‘ 6,924 — 0°123 +°053 +°176 
Quetta a. 2 s2 & & & 5 520 | —0°153 +:007 + 160 
Ootacamund . . 7,395 | —0016 +019 +065 
4+°024 


Yercaud ; : : ‘ : 4.493 ; —0°057 — 033 


The changes are very great at all the stations except Yercaud and this. 
can hardly be called a mountain station since the hill on which it stands is not 
of any great extent. The residuals have, however, been improved in every 
case and the positive sign of the Hayford residuals shows that probably com-. 
pensation is not quite complete, more especially under the Himalaya. 
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We next come to stations near the foot of the Himalaya and other moun. 
tains. 


Distance from 


Station. edge of hills Change. 
in miles. 


Rajpur +0°169 
Dehra Din +0°151 
Kaliana . . ° +0:074 
Siliguri ; +0:121 
Jalpaiguri +0°101 
Sibi + 0°079 
Jacobabad + 0°030 
Pathankot +0°122 


It will be noticed that the change increases as the hills are approached and 
that the residuals are reduced in every case except Jacobabad. 

The majority of the residuals are negative, although at hill stations they 
are usually positive. This seems to show that the compensation or partial com- 
pensation of the mountains extends beyond them into the plains and we have 
in these results evidence of the rift, or belt of deficient density, along the foot 
of the mountains. 

It was stated above that at stations near mountains and seas the change 
in residual due to the assumption of compensation was always in the right 
direction and we have seen that for mountain stations this is so. With regard 
to coast stations we have at present only computed the Hayford residuals at 
two, Madras and Cuttack. Madras, however, seems to be abnormal in that 
the Bouguer residual there is negative and the assumption of compensation has 
increased the residual. The figures are :— 


Station. Ly RB ey C Change. 
7 
Madras’. , ° ; . . —0014 | —0°053 —0:039 
Cuttack .. : ‘ ° ; ; +0003 | + 0:006 +0:003 


We see that the residuals are either decreased or increased very slightly 
and as, at the few other coast stations at which observations have been made, the 
Bouguer residuals are positive they will be improved by the new method of 
reduction. ; 

During the next field season it is proposed to observe at several stations on 
the Bombay coast and the results to be obtained should throw some light on the 
question of ocean compensation. 

An interesting series of observations was made in Dehra Dun in August 
1913. Commander Alessio and Signor Abetti, two members of Dr. de Filippi’s 
expedition to the Karakoram, swung their eight pendulums alongside ours, 
the observations being extended over a period of four days. No night swings 

G 
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were taken, but it is satisfactory to note that the mean time of vibration of 
our four pendulums agreed with the mean of the day swings in April 1913 
and November 1912, showing that the periodic variation in the clock rate was 
the same on all three occasions. The results from the Italian pendulums will 
not be available for more than a year, until the expedition has returned to 
Genoa, but they will give an independent value of gravity at Dehra Din de- 
pending, through Genoa, on Potsdam. It is not likely that our present value, 
979°063 dynes, is much in error and additional proof of this has lately become 
available in the publication of the observations made in 1906 by Commander 
Alessio in Colaba, using the same room as that occupied by Major Lenox- 
Conyngham in 1904. The difference in the value of g obtained by the two 
observers is only 0°004, both values being based on Potsdam, ours through 
Dehra Din and Kew and theirs through Genoa. This fresh determination of 
the actual value at Dehra Din should, however, be most valuable, 
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Vou. V.; TRIANGULATION. 43. 
TRIANGULATION. 


No. 15 PARTY. 


(Vsde Index Maps 9 and 10.) 
By Masog H. M. Cows, R.E. 


During the cold weather of 1912-13, four detachments of this party were: 
employed, one on principal triangulation, 
two on secondary triangulation, and one 

a Hib cera Cowie, R.E, Deputy Superintend- on trigonometrical operations for the large 
Lieutenant K. Mason, R.E., Assistant Superine scale survey of Bombay City and Island. 
tendenrt, from 16th February 1913. a 
During the summer months, one 


PERSONNEL. 


Provinctal Service. detachment, under, first, Lieutenant H. G. 

Be ean Bell, R.E., and later Mr. V. D. B. 
eae Collins, was engaged in continuing the 
ee, series of triangulation in the Hunza Valley 
ee yar and the Taghdumbash Pamir, connecting 
a the Indian and Russian systems of triangu-. 
Upper Bebordsnate: Serer, lation. A report of this detachment’s 

Mr. Jugal Behari Lall. work during 1912 was included in the 
Pcie @abosd aie Baste: Annual Report of the party for 1911-12. 

21 Computers, ete. The report now submitted for 1912-13. 


- continues the account of the Pamir opera- 
tions up to the date of the completion of the Indo-Russian connection in 
August 19138. 

The principal detachment.under Mr. C. A. Tresham continued the Sambale- 
pur Meridional Series. This Series, commenced in 1911-12, springs from the 
side Bhursu (XLIX)—Hariharpur (L) of the Calcutta Longitudinal Series in a 
mean Longitude of 85°, near Ranchi, and extends first south-west till it lies 
astride the meridian of 84° and then south-wards with a view to eventually 
joining the South-East Coast Series near Parlakimedi. During 1911-12, the 
series was carried as far as Latitude 22°, from which parallel the operations of 
1912-13 have extended the triangulation to a mean latitude of 19°--40’, leaving 
only three figures still to be observed before the connection with the East Coast 
Series is effected. | 

Of the secondary detachments, one under Mr. G. A, Norman first complet- 
ed the junction of the Garo Hills Series, extending eastwards in Latitude 26° 
approximately from the Brahmaputra Series, with the Khasi Hills Series 
which stretches westwards at nearly the same latitude from the Eastern Fron- 
tier Series. After finishing observations here, the detachment made a com- 
mencement on the Manipur Scries which is to connect the Assam Valley Series 
in the neighbourhood of Golaghat with the northern end of the Manipur 
Meridional Series, a little to the east of Manipur. 

The other secondary detachment under Mr. V. D. B. Collins carried the 
Khandwa Serics in Latitude 22°, from the Great Arc to the Khanpisura 
Series, and after completing this work, commenced sclecting and building sta- 
tions for the Akola Serics, which, running along the meridian of 76°-30', is 
to connect the Khandwa and Bhir Series. 

~The 4th detachment furnished by the party completed the triangulation 
extending over the Island of the Bombay and commenced work on the traverse 
@2 
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network, which in combination with the triangulation, will provide accurately 
£xed points on which to base the large scale survey about to be undertaken. 
By the end of the field season the positions of 94 points had been determined 
{n the southern and central positions of the island, leaving 24 in the northern 
part to be fixed during the coming season. 

In all districts where detachments of the party worked, the operations were 
much facilitated by the ready and effective assistance given them by local 
officials. | 

The health of the personnel of the party as a whole was good. In the 
Sambalpur and Manipur detachments there were, from time to time, several 
cases of fever, but no outbreaks of sickness or disease occurred to impede the 
progress of the operations. 


PRINCIPAL TRIANGULATION. 


The Sambalpur Series.—At the end of October, Mr. Tresham resumed 
work on this series at about Latitude 22°, where observations had been disconti- 
nued the previous year, and carried the triangulation southwards through 
Sambalpur, the Orissa Feudatory States, the Khondmals and into Ganjam. 
Between 31st October and 9th March, observations were completed at seven- 
teen stations, astronomical azimuths being determined at two points, Andhari 
H. 8. and Sendur H. 8. After the beginning of March, the atmospheric 
conditions became very unfavourable for the making of precise observations. 
A thick haze sect in, which in combination with the smoke of forcst fires, 
effectually put a stop to the operations after March 25th. 

The selection of sites and the building of stations was entrusted to 
Mr. B.T. Wyatt, Extra Assistant Superintendent, who succeeded in laying 
out all the stations south of Chirguni Hill Station and Singhijuba Hill Station 
and in effecting a connection with the East Coast Series. 

The country passed through by the serics was inhospitable and ill-adapted 
for triangulation. Rounded hills covered with thick forest, and the absence of 
communications, made the triangulator’s work of no small difficulty, and it is 
most satisfactory that so much progress was achieved during the season. The 
quality of the observations themselves proved, as will be seen in the following 
statement, to be high. | 


Number of principal stations at which observations were completed 17 
Number of secondary stations fixed : : : ‘ 4 
Number of principal stations built and repaired : : 17 
Number of secondary stations built ; eS : : ] 
Progress of series in miles : ) ‘ ; 167 
Area covered by figures in square miles , ‘ - 9,014 
Number of angles observed . : : : ; . ; 62 
Average number of measures of each angle. ; d 58 
Average triangular error of 22 triangles : , » O”-185 
Maximum triangular error ; » 0%564 
Average difference from 360° of eagles it 3 central seatioie - 07133 
Average errors of cbservation ; : : . 087 
. 9 -9y graduation : : ; . 1768 

Value of (Astronomical Azimuth—Geodetic ezine) 

at Andhari H. S., Lat. 21°-58’, Long. S4°-15’ : ~ 607 

at Sendur H. S., Lat. 20°-16’, Long. 83°-40’ é ; . 8738 
Theodolite used ‘ : : : : ; . T.andS8. 12-inch 

Micrometer 


No. 5. 
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This series effected during the season a connection with the Sambalpur 
Secondary Series which emanates from the East Coast Series in latitude 21°-15’ 
and extends westwards. The closing differences at the common stations 
were :— 


at Chandli h. s. in latitude ; : ‘ : : . +001 
3 » 9» longitude : : ; : . —0”0-4 
3 PP » 9» height ‘ : ; : : . —Ill feet. 
» Raun ,, ,, _ latitude : ; ; » +002 
ae » » longitude : : : ; : ~ —0":02 
”? 39 9 99 height ° ° ‘ ° ° . —10 feet. 


SECONDARY TRIANGULATION. 


The Manipur Series and the Garo-Khasi Hills Series.—During the field 
season of 1897-98, a portion of the Eastern Frontier Principal Series was 
revised for the purpose of ascertaining whether trigonometrical stations in 
the Garo and Khasi Hills had been displaced either vertically or hori- 
zontally by the earthquake of June 1897. As there was no certainty that 
any appreciable changes had taken place, the operations were mainly of the 
nature of a reconnaissance made with a view to ascertaining the desirability 
of undertaking, later on, accurate observations which would provide data for 
the actual measurement of the movements of the earth’ crust due to the 
earthquake. 

This revisionary triangulation was based on a side of the principal series 
about 25 miles south of Shillong. The position of 22 and the heights of 25 old 
stations were determined, embracing an area of 1,020 square miles. The results 
of the operations gave indications of only relative changes, for all the stations 
introduced into the scheme were found to lie within the disturbed region. The 
reconnaissance triangulation showed that large relative displacements had taken 
place and established the desirability of undertaking a rigorous revision of the 
principal triangulation. No opportunity however presented itself for the 
carrying out of the necessary observations with a large instrument; so that 
when the need srose for triangulation for topographical purposes in the region 
concerned, it wes decided to run a good secondary series from the Brahimaputra 
principal series, assuming this latter to have been unaffected, through the Garo 
and Khasi Hills, to close on the disturbed points of the Eastern Frontier Series. 
Besides providing topographical data, the Garo-Khasi Hills Secondary Series 
would give further information as to the displacements. 

The secondary observations were commenced and completed except at fonr 
points during the field season of 1910-11. During the year under report these 
four points were visited by Mr. Norman and the neccssary observations 
completed. The secondary serics now emanates from the stations of Rangir 
H. 8S. of the Brahmaputra Meridional Series and Samding H. 8: of the Assam 
Longitudinal Series and closes on Landau Modo H. 8. and Muutherricnan BH. §S. 
of the Eastern Frontier Series. The results of the secondary work show a 
displacement of Landau Modo H. 8. by 7 feet to the south and 7 fect to the 
east combined with an clevation of the station by 8 feet. Mautherrichan H. 8. 
appears to have becn moved 18 fect to the south, 7 feet to the east and to have 
been raised 21 feet. 

After completion of observations on the Gdaro-Kliasi Hills Series, 
Mr. Norman transferred his detachment to Golaghat to commence work on a 
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secondary series to connect the Assam Valley Principal with the Manipur 
Meridional Series. 

With the exception of one station, the whole of this connecting triangula- 
tion was reconnoitred and laid out, but owing to the thick haze which formed 
over the hills early in April, the observations could not be completed. 

On the Garo-Khasi Hills triangulation an 8-inch micrometer theodolite 
was used and on the Manipur work 12-inch micrometer thendolite No. IV. 

The Khandwa Scerics.—Early in November 1912, a detachment was 
formed under Mr. V. D. B. Collins, Extra Assistant Superintendent, to execute a 
secondary series along the parallel of 20° between the Khanpisura Series on the 
west and the Great Arc on the east. The series, one of twenty-four single 
triangles, was completel on March 8rd, 1913. After this, Mr. Collins 
commenced building stations for the Akola Secondary Scries which is to 
run along the meridian of 76°-30'E., between the Khandwa and Bhir Second- 
ary Series. 

The following summary gives the main feature of the Khandwa secondary 
operations : — 


Number of principal stations visited and repaired sr. 4 
33 new secondary stations fixed . . ‘ ‘ 20 
4 triangles . : ; : ; : ‘ 2 4 
Length of series. . ‘ ; : ‘ ; : 141 miles, 
Area covered by series . ; ‘ : ; ; - 1,750 sq. miles. 
Average triangular error j : ; » 1741 
Maximum ee, ms ‘ : ‘ : Z . 3778 
Closing errors in latitude. . . 07°46 
. » inlonvitude . , . ° : . OF 24 
3 » Mazimuth =. ; ‘ : : ~ 2742 
Closing errors in height : : : ; : 1°9 feet. 
Theodolite used . ; ; ; : : : S-inch micrometer. 


BoMBAY Ciry TRIANGULATION AND TRAVERSE OPERATIONS. 


During the year under report a detachment under Mr. Wainright 
continued the work of establishing over the island of Bombay a framework to: 
serve as a basis for a large scale survey. The main figure of this framework, 
a pentagon covering the whole of the island and harbour, is based on the side 
Karanja H. 8.—Colaba of the Bombay Secondary Triangulation, an extension 
from the Bombay Longitudinal Series. From this pentagon emanate minor 
triangles fixing 60 points and between these latter about 65 miles of precise 
traverse were run, determining the positions of 25 permanent ana 18 semi- 
permanent marks. For both the triangulation and the traverse operatio.s. 
8-inch micrometer theodolites were used, readings being taken on five zeros. 
As the opaque signals used in the previous season had not proved very 
satisfactory, heliotropes, suitably stopped down, were made use of in the 
triangulation. | 

In addition to the network executed for the large scale survey, two figures. 
were extended southwards from the pentagon to fix the position of the transit 
pillar in the Alihag Observatory. 

In the traverse operations, the degree of precision that. was aimed at and 
certain local conditions required the devising of special apparatus and the 
employment of more rigorous methods than are normal in traverse work. 

The permanent marks were placed on brass plugs built into masonry one. 
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foot below the level of the ground. On account of the small dimensions of 
the little pit in which the mark was thus situated, it was impossible to adjust 
a theodolite or a signal over it by means of a plummet, as the point of the latter, 
when hanging in the pit, was obscured by the shoulders. Recourse was there- 
fore made toa special device for the centring of instruments and signals which 
had been designed previously by Mr. J. de Graaff Hunter, M.A. 

This apparatus consisted essentially of a steel rod, pointed at one end and 
carrying, at the other, a mark or a sightvane, both point and mark or sightvane 
being placed in the axis of the rod, to which a spirit level was attached. ‘The 
point of the rod was so fashioned as to centre itself automatically in the “dot” 
of the mark when the rod was raised into a vertical position. The mounting 
of the rod was such as to permit of the latter being securely clamped when the 
spirit level indicated that it had been brought into the true vertical. At the 
observing stations a rod with a mark was used, the theodolite being centred 
over the latter, and at the forward and back stations, rods provided with 
sightvanes were adjusted. The steel rods were provided also with a small device 
which indicated the points to which the tape measurements should be referred. 

As has been said, the angular measures were made with an 8-inch micro- 
meter theodolite, readings being taken on five zeros. 

The linear measurements were made with a 100 feet steel tape. Every 
day this tape was compared with a standard of length laid down between 
two brass plates let into the floor of one of the verandahs of the Secretariat 
building. 

During the season, an invar tape of certified length being available, the 
length of the standard was carefully determined. . 

The difference between the highest and lowest values of the length of the 
steel tape during the 24 months of its use was 0°007 foot. 

During the linear measurements, the temperature of the tape, as indicated 
by 8 thermometer placed in contact therewith and shielded from the sun, was 
recorded at intervals, and afterwards corrections for temperature were apnlied 
when computing the linear distances measured. 

The highest and lowest temperatures recorded were 101° and 69° F. 
When in use, the tapes were always strained by weights suspended over pulleys 
so arranged that, while under strain, the tape could be easily, brought into the 
correct alignment. The ends of the successive tape lengths were marked by 
reference marks which were aligned truly by theodolite. 

All the apparatus was found to work satisfactorily, and experience showed 
that alteration was desirable in one or two respects only, making for lightness 
and greater portability. 

The adjustment of the traverse net has shown that precision of the work 
varied a good deal. Where the measurements could proceed expeditiously and 
uninterruptedly, the accidental errors appear to have been small, while in the 
case of lines which traversed difficult or traffic congested roads, they are 
considerably larger. The precision of the lines of the net adjusted to triangulated 
points varies from ,¥, to .,.4¢, While 5,1,, may be taken as generally represent- 
ing the accidental error generated in lines. 


InpDO-RvussIAN TRIANGULATION CONNECTION, 


During 1912, the whole course to be followed by the series connecting the 
Indian and Russian systems of triangulation, by way of the Hunza Valley and 
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the Taghdumbash Pamir, had been reconnoitred, and, except for a distance 
of some 30 miles, the stations had all been selected and built. Observa- 
tions, however, had been completed at only a few stations at each end of the 
series. 

During last summer, the operations were continued and brought toa 
satisfactory conclusion. The completed connection is some 180 miles in length 
from principal stations just south of Gilgit to the Russian points on the north- 
ern edge of the Taghdumbash Pamir, It consists of thirty-three essential 
and three extra stations embracing twenty-one figures. The maximum alti- 
tude at which stations are situated is about 19,000 feet. 

The observations were taken with 6-inch micrometer theodolites, the 
signals being luminous except in only a few instances when circumstances 
necessitated the use of an opaque one. Each horizontal angle was measured on 
six zeros. Owing to the circumstances under which the observations had to be 
made, no uniformity was possible as regards the time of determining vertical 
angles. Readings had perforce to be taken when the observers had succeeded in 
attaining the summit on which the station to be occupied was located and 
whenever the signals to be observed were visible. 

In point of nature of country to be traversed, the series may be divided 
into two sections, the one comprising the figures extending along the Hunza 
Valley from Gilgit towards the Kilik Pass, the second those carrying the tri- 
angulation across the Taghdumbash Pamir to the Russian points near the Beyik 
Pass. In the former, the work was extremely arduous, especially in the 30 
miles south of the Kilik Pass, the altitude, coupled with precipitous slopes, snow _ 
and inclement weather putting a very severe strain on the powers of endurance 
of all employed on the work. In the Pamir Section the difficulties were to 
some extent reduced by the more easiiy negotiated hills, though here also the 
weather proved very trying. When, in addition to adverse conditions of this 
nature, the ever present anxiety as to the sufficiency of food supplies and the 
sense of always working against time be remembered, it will be recognised that 
the extension of reliable triangulation through the mountain mass between 
Kashmir and the Pamir is no insignificant achievement. 

The operations during 1913 were entrusted to Lieutenant K. Mason, R.E., 
in charge of the detachment, and Messrs. V. D. B. Collins and C. 8. McInnes, 
Extra Assistant Superintendents. Arriving on 27th May at Bandipura, the 
detachment proceeded in two sections to Gilgit vid the Raj Diangan and Burzil 
Passes. A depot was formed at Gilgit and there the detachment was divided 
into three squads. One of them under Lieutenant Mason marched up the 
Hunza Valley and over the Mintaka Pass to the Russian stations over the 
northern ede of the Taghdumbash Pamir. Commencing the work of observa- 
tion at these points, the section gradually retraced its steps to the Kilik Pass to 
connect with the figures laid out from the neighbourhood of Misgar to the 
Kilik Pass by the second squad under Mr. McInnes. 

In the meantime the third squad under Mr. Collins had taken up the 
extension of the observations from near Hunza, where they had been disconti- 
nued in the previous year to Misgar. 

By the 25th August, all the observations were completed and a connection 
effected, through the Hunza Valley Series and the Kashmir Principal Series, 
between the points of the Russian Survey on the Pamir and the triangulation 
of the G. T. Survey. 
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This year Captain H. G, W. Hingston, I.M.S., was attached to the detach- 
ment, This officer made, in addition to hematological investigations, what 
should prove valuable collections of the fauna and flora of the region besides 
compiling notes on the geology and obtaining rock specimens. The detach- 
ment also took observations te indicate what movement had taken place in the 
snouts of the Minapin and Hasanabad glaciers, the position of which in 1906 
had been marked by Mr. H. H. Hayden of the Geological Survey. 

Cloud and weather observations were also made daily. 
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No. 16 PARTY. 
(Vide Index Map 10.) 
By Mr. Sygsp Autap Hosszry, K.B. 


PrrsoxnEL. During the year under report, tidal 

Provincial officers. registrations by self-registering tide-gauges 

18 Seg? Sone oui a are a were carried out under the direction of this 

March 018 abe: Dae cuatee cnn department, at the ports of Aden, Karachi, 

Mr. Syed Zille TBA | Apollo Bandar (Bombay), Prince’s Dock 

— Pte Renny renee. (Bombay), Madras, Kidderpore, Rangoon, 
Brac Oneertalaiy clerks Moulmein and Port Blair. 

2 Artificers. The immediate control of all the tidal 


observatories was entrusted to the Port Officers concerned. 


It was mentioned in last year’s report that tidal diagrams, recorded by a 
small self-registering river-gauge at Chittagong, were supplied to this party by 
the Port Officer for the purpose of checking the predicted times and heights of 
high and low water at Chittagong, but that the readings obtained from those 
diagrams failed to answer the above purpose. Since then certain improvements 
have been introduced in the working of the tide-gauge and the preparation of 
the diagrams, and consequently, the results obtained from the diagrams for the 
year 1912 have been found sufficiently good to be used as a check on the 
predictions for Chittagong. 

In addition, tide-pole readings of high and low water were taken during 
day-light at the ports of Bhaunagar and Akyab, with the object of comparing 
the actual times and heights with the predictions. This work was done under 
the direct supervision of the port officers who supplied to this party monthly 
statements of the times and heights read on the tide-poles at their respective 
ports. 

List oF TipaL STATIONS. 

The following is a complete list of the ports at which tidal observations 
have been carried out from the commencement of the tidal operations in 1874 
up to the present time. The permanent stations are shown in italics; the 
others are minor stations which were closed on the completion of the requisite 


‘registrations. 


Automatic Date of 
Serre Stations Sercshal car ila closing of gy of Rewanxs, 
0. heervatlons. observations. observations. observations. 
1 | Suez F : .| Automatic 1897 1903 7 
2 |Perim . e ; Ditto 1898 ° 1902 5 
8 | Aden . + - Ditto 1879 Still working 34 
4 |Maskat . . : Ditto 1893 1898 5 
& | Bashire . : ‘ Ditto 1892 a 
; , 1868 18 ° earl Oa 

6 | Karachi ‘ ; Ditto 46 workin 

1881 Still working 
7 | Hanstal . é Z Ditto 1874 1875 | nide- laa not pube 


| | ee 


Stations. 


Navanar : ‘ 
Okha Point . 


Porbandar ‘ 
Porbandar ‘ ; 


Port Albert Victor 
(Kathjawar). 

Port Albert Victor 
(Kathiawar), 

Bhaunagar : 


Bombay (Apollo 
Bandar), 

aes | (Prince's 
Dock). 

Marmagao (Goa) , 

Karwar ° e 7 


Beypore ; ° 
Cochin . ‘ . 
Tuticorin ; : 
Minicoy : . 


Galle ‘ . ° 
Colombo ° ° 
Trincomalee. . 
Pamban Pass . : 
Negapatam . ° 


Madras e Ld 


Cocanada ‘ . 


Vizagapatam . 
False Point . ° 
Dublat (Sagar Island) 


Diamond Harbour . 
Kidderpore . ° 
Chittagong . 
Akyab . : . 
Diamond Island 


Baseein (Burma) , 
Elephant Point ; 


Rangoon ; e 


Amherst . . 
Moulmein ; ‘ 


Mergui ° e e 
Port Blair 


TIDAL OPERATIONS. 


Automatic | 


or 
Personal 
observations. 


Automatic 
Ditto 


Personal 
Automatic 
Personal 
Automatic 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Ditto 


Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 


Ditto 


Ditto 
Ditto 


Ditto 


Ditto 
Ditte 


Date of 


commencement 


0 
observations, 


1874 
1874 


Re-started 


1904 
1893 
1898 
1881 
1900 
1889 
1878 
1888 
1884 
1878 
1878 
1886 
1888 
1891 
1884 
1884 
1890 
1878 
1881 
1880 


| 
Re-started 


1895 
1886 
1879 


1886 
1887 
1895 
1902 
1880 
Re-start ed 
1884 
1880 
1880 
1880 
Re-staited 
1909 
1889 
1880 


Date of 
cloaing of 
observations, 


1894 
Still working 
Ditto 
1889 
1883 
1884 
1892 
1993 
1896 
1890 
1890 
1896 
1882 
1888 
1890 
Still working 
1891 
1885 
1885 
1886 
1886 
Still working 
1891 
1892 
1899 
1903 
1881 
1888 
Still working 
1886 
1886 
Still working 
1894 


| Still working 


ee 


Number of 
years of 


observations. 


} 


J 


2 
2 
1 
4 
5 
35 


on 


ao rF OA neaeeTtqaqneaqa Qe ao 


5t 


REMABEKS. 


ec 


Tide-tables not pub- 
lished. . 


2 | Year 1904-05 is ex- 


cluded. 


Years 1898, 1899 and 
1902 are excluded. | 


Years 1883 to 1885 
are excluded. 


Year 1880-81 is exe 
cluded. 
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WoRKING OF THE OBSERVATORIES. 


The tidal observatories at Port Blair, Rangoon, Moulmein and Madras 
were inspected during the year by Mr. H. G. Shaw and those at Kidderpore, 
Apollo Bandar (Bombay), Prince’s Dock (Bombay), Karachi and Aden by Mr. 
Syed Zille Hasnain. During the inspection of each observatory the working 
zero and the adjustments of the tide-gauge were subjected to a rigorous exami- 
nation and the stability of the gauge was tested by check levelling between its 
bed-plate and the bench-mark of reference. All the instruments were thor- 
oughly overhauled, cleaned and put in perfect working order. 

With the exception of Madras, the registrations of the tides at all the 
other tidal observatories have, on the whole, been satisfactory during the past 
year. Oe 

The following need special mention :— 

Aden.—The inspecting officer found that nearly 4 inches of mud had accu- 
mulated inside the float cylinder. The mud was taken out and all precautions 
were taken to maintain free communication between the sea and the cylinder. 

Prince’s Dock (Bombay) .—The tidal registrations at this observatory have 
been frequently interrupted during the year under report, the chief cause being 
the breakage of the wire to which the recording pencil is attached. The inter- 
ruptions did not, however, extend beyond a few hours at a time, the longest 
interruption being of 43 hours duration. Oo ” 

Madras.—The tide-gauge at this observatory worked uninterruptedly up 
to the end of July 1913. There was a break for a week in the tidal registra- 
tions early in August, due to the passage between the sea and the tide-gauge 
well being blocked with sand. The passage was cleared and the communication 
between the sea and the well was restored, but shortly afterwards the passage 
was blocked again and the working of the tide-gauge was completely stopped 
from the forenoon of 10th August 1918. The Chief Engineer of the Port re- 
ported that it was practically impossible to restore communication between the 
sea and the tide-gauge well. It was, therefore, decided to abandon the present 
observatory and to remove the tide-gauge to another place: With the consent 
and consultation of the officer in charge of the Tidal Party, the Chief Engineer 
has selected a site near the new entrance to the harbour for a new observatory 
which is now in course of erection. As soon as it is ready, arrangements will 
be made to install the tide-gauge in it and re-start observations. 


COMPUTATIONS AND REDUCTION OF OBSERVATIONS. - 


All the computations pertaining to the past year’s work have been com- 
pleted and there are no arrears. The tidal observations at the nine working 
stations for the year 1912 have been reduced by harmonic analysis, and 
the values for the tidal constants thus determined are shown in the attached 
tables. 

These tables give the amplitudes (R) and the epochs (¢) at the various 
stations; they also give the values of H. and K. which are connected with R. 
and ¢. in such a way, through the various astronomical quantities involved in 
the position of the sun and the moon, that if the tidal observations were consis- 
tent from year to year, H. and K. would come out the same from eaci year’s 
reductions. - = 
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Aven, 1912. 


Short Period Tides. 


A, = 5°873 feet. 


S H = =RKR= ‘110 K= "006 R= "188 R= "053 
VU0e =U =! 174° 14 M ¢ =| 188709 Q ¢ =| 99°-00 T Y =| 207° 26 
s H =R= 673 é) H= "007 1’) H = -160 1) H= 0538 
“@le =e f= 245°°58 c= 8°49 «| 31°04 n =} 209° 03 
S H=R= 004 R= 003 R= 036 R= 017 
"al « =f =| 1969-99 M Y =| 258°50 L % =; $52° 2) MS Y =| 53°°62 
fH=R=| 004) Msp HH! 00x] “9H =| ose] (MSu9 H =] -018 
"6L «=f =| 230°19 « =| 200°°70 x =| 223°°06 x =| 180°°42 
3 H=R = ees R= ere R= ; °428 R= 028 
flea l= Q “Bd {~= a P (= 02°°08 C= 188°:09 
O4n-| -e69| Ns¢q =| “448 (28M)s4 fy =! -029 

c= 88°29 C= 220° 49 0, 106°:29 

R= 097 R= eon R : io R= 103 

{= 141 "410 ¢ =| 205 4 C= Ms : ¢ =| 80°62 

Mi4 =|: -oe2| Kry gH =| 131s) *>4 HH! ~~«C.!. 2Ne9 =! +107 
ew| 49°19 ce z| 83°°89 = - « =! 190°75 

R= roe R= are R = ‘086 R= 009 

f= 151° 85 °-09 ~= 167°°29 c= 81°10 

ms =| 1565] SoH =| iss} "JH =! 080 [MN =| -o10 
c= 928°°65 c= 239°°63 c= 279°°87 k= 276°°36 

a mr pe seal ] se a oF 

a —* : f= ‘J c= : ; : =| 65°27 

M4 y= ou] PyHal sis] #2 Ho] 077 | ME BH] os 
c= 924°°31 c= 30°S8 K 191°°70 t= 829°°47 

R= i aa R= Prt R= cee R= "002 

¢ =! 170°79 (= 5 {= Ses ¢ =| 147°72 

Mis =), wis AsH=| cle} jp qal 2) EEK! ong 

wx =| 324°39 «=| 60°65 c= ae x =! 113°92 


Long Pertod Tides. 


R oR |e a K 
‘Lunar Monthly Tide ‘ ° ° ‘022 66°19 oe "025 24°°53 
» Fortnightly ,, : ‘ e 065 243°:28 - 859°33 
‘Luni-Solar _,, ” : : ‘ "005 228°°55 151% 75 
Solar-Annnal ; : ‘ "394 71°81 394 3£1°°47 


» Semi-Annual __,, : : ° 1¢7 273° 00 | 167 112°*y2 
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KarAcut, 1912. 


Shoré Pertod Tedes. 


A, = 7'312 feet. 
IU «=f =| 182° 11 M {=| 837% 25 Q ¢ =| 108°:97 T Y =| 265°-22 
S H =R= 968 ‘)H= 043 1) H = -160 )H = "058 
ie = C =| 325°-56 t= 912° 12 ‘= 4.3°°35 « =| 267°°05 
S H=R=|  -008 R=|_— -007 R=| ‘051 R=| -032 
‘Ue = t= 9°-58 % =| 272°°86 Y=} 49°-82 f =} 242°5) 
HaR=| -ooo| Ms ‘i -| 008] U5 fae) -045) (MS).4 Gg a] ogy 
6U wn =f =! 2999-29 « =| 226°-02 « =| 281935 « =| 320° 80 
g H =z=R= "001 = 797 R= : 574 = 027 
BY eet al 97°13 =| 157°26 g =| 157°°15 z=| 200°°33 
O14 —| > -673| Ney al 595 1(25Me4 Ge 028. 
xk =az| 49°19 «x =| 277790 a we| 122°-04 
R= ‘089 == 1-480 R= 3 = 118 
x =| 164°-16 =| 220°-20 ral. x =| 79°91 
Mya} 057] 4H =| 1335] *PH= 2Nes =| 193 
«= 72°69 cox} 47°55 c= «a ca| 243°°12 
R= 9°497 = ; nes R= 7 eee R= "026 
xy =| 218°-09 s=| 125°9 g =| 205° ¢ =| 167965 
M, H=| 2°588 K, He 2351 "J H= -192 |(Ms™), H= 028 
c= 996°°38 c= 820°°33 k£= 820° 05 £= 6°-69 
R= "039 = a R= ; ae R= "055 
=| 47°03 =| 229° ¢ =| 108° =| 123°-90 
Msp _| os) Hal 385) “FH —| 092 MK He 051 
« =| 344°46 ex} 40°29 we =| 264°75 nz! 29°53 
R= 019 = 142 Rs oe = 023 
=| 195-26 Y =| 281%55 pal. e =| 4°91 
M, i =| 021) 29 H=| 193) *\ HH QME> | 029 
gw =| 351°°84 x =| 65°45 c= «x =| 884°15 


Long Pertod Tides. 


Lunar Monthly Tide ‘ : 9°18 112 $26°72 


» Fortnightly ,, : : : 040 249°°72 028 4°16: 
Luni-Solar__,, . a 4 & O11 | 259°88 ‘011 | = 181°59. 
Seikcacncal ‘3 , ; ; 121 170° 46 °]2] 90°:06. 

824°°85 192 | 164°-05 


» semi-Annual _, , ; ; °192 
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Bomwspay (Apotro Banpar), 1912. 


Short Pertod 7:des. 


A,=10°811 feet. 


H=R= 097 R= 017 R=} ~'190 R= ‘lll 

S19 =v =] 191%55 ud & =| 159°18 | g J ¢ =| 112708 7.) .§ =| 338%89 
H=R=| 1-548 ‘.H=| 019/ “)H=|~ -162 sTH=| +711 

SsQ etal. 8°54 x =| 85°24 =| 47°10 Kk =| 835°24 
s H =R= 023 R= 7003 R= "104 R= "062 
42 pat =| 253°81 M =| 20°56 L Y=| 83°40 (MS Y =| 30¢°°88 
H=R=| 003) “ej H=| -004] “3 H=| -092 MSH =| 064 
8.{ com % =| 174°°29 « =| $385°31 « =} 815° 12 «| 21°57 
g fH=R=| 001 R= el R= ; 3 R=z| 044 
8% =f =| 28844 = gf =| 192°°50 |, f =| 201°-36 
: O4n=| 663) Ney Heal -994 (PSM)5 HH] 04g 

t= 49°38 —— 813°86 c= 122°°67 

R=| 098 R Ser. R=| ... R=| -204 

—| 158°34 Y= , Y= _ % =| 1079-29 

M, E =| 063! Sy H=| 1390] *JH=| Nid =| +21) 
c= 67°06 "= 45°59 k= re « ==} 271°83 

R= ee R= a : = ee R=| — -007 

sz | 252° t= ; = : ¢=| 71°29 

Ms4H=| 307¢| X: Hel 394) "97 H=| 196) N65 HH] | O07 

« =| 880°°97 «x =| 3853°-40 x | 10°18 = 1.271934 

ead rr at pie 5k peal Be alte 

=| 94°14 t= t= ¢ =| 157°-96 

M3) 0751 PiyHe| 408] “27 Ha] 243 | OEM Pl ony 
«=| 32°17 wa} 42°97 x =| 304°°96 x =| 68°98 

R=| — -086 R= oe R= R=|  -051 

=| 139° 44 t= ae Y =| 82-39 

Mi ual 092) "4He| te] BeypHal ol femend FX) os 

ne =| 296°°82 as| 64°67 c= : xe =| 52%44 


Long Persod Trdes. 


Lunar Monthly Tide ° |. e 111 839° 46 "127 296°79 | 


059 


» Fortnightly ,, ° P 24.7 °-$2 041 1°33 


LuniSolar ,, - 2 4 016 | 229°-25 017 | 150%56 


Solax-Annual 99 ° e 024 315°-05 


» Semi-Annual __,, ‘OS 835° 29 196 | 174°-46 
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Bomwsay (Prince’s Dock), 1912. 


Short Pertod Tides. 


A, = 8°300 feet. 


S H=R = "300 = "005 Re "185 R= 115 
1U «= ¢ =| 189° 78 M =| 265°°24 Q yY =| 110°83 T f =| 334%29 
g H= R=) 1°597 ‘)H= 006 1) H= °157 *)H= "115- 
2U «=e =| 5°02 «x s=| 141°°31 xm| 45°°84 x =| 336°-14 
g H= R= "020 R 004 “R= "093 R= "099 
#U «= J =| 285°°S2 % =| 189°-46 =| 83°28 =| 326°-42 
s,fH=R=| -006(|™@eoH =| -005) J Ho) -os2|MSe4 HX! -102, 
xx & =| 213°:'69 we =| 144°°22 «a 22| 315°:00 =| 44°1) 
g H=R = “002 R= "784 “R= "965 R= "054. 
8 ae=C = 856°'63 [= 156°°35 [C= 193°°21 c= 194°°67 
jn =| 667] Ns L =| 1-001 (25M), H=| 035 
xa| 48°89 Ps ‘ 814°58 -« =| 115°-95. 
R= ‘098 R=! 1°553 R = R= 218 
¢ =| 161°-09 ¢ =| 218°°33 fC =, - ¢ =| 108° 16. 
M, h= 063 Ky H=| 1°40] 39H =| oN, = "225 
a =| 69°81 ez! 45°66 c= we we! 272°-20- 
R=| 3-930 R= 518 R J "153 R= 019 
Y =| 253°13 Y =| 162°°57 Ym, 254°55 ¢ =| 190°-76. 
“i =| 4073|%e4H=| -308) >) H= 159 [NaS ol oan 
| x =| 831°-82 «x =| 356°-96 Ps 7 9°90 a =| 30°81 
R= "085 R= ‘409 R = 212 R= 038. 
% =| 100°-66 % =| 2838°-0+ ¢ = 151°05 | ae % =| 2079-26 
Mi uH=| 090] >=} 409] *# HH) 228) ZH! -ose. 
ae z| 38°70 ew! 48°°45 «=| 808° 43 « =| 113°-28 
R= ‘079 R= 186 R= eae R= 062 
y =| 171°°84 % =| 280°-98 f= : f= 90°" 26. 
Mij =| 088) HH) ol7] Bp He ED HH] 060 
we =z} 829° :22 e=z| 64°°65 c= irs az| 65°31 

Long Pertod Tsdes. 

| 

ak oe 
Lunar Monthly _— Tide , ; 1 sn sso 836°°11 138 2939-43. 
»  Fortnighily _,, . : 059 254°°33 041 8°°33- 
Luni-Solar ,, 3 ‘ a 014 208°-79 015 130°10 
Solar-Annual . ‘ ‘ - O44 88°12 044 $17°°70 
» Semi-Annual _,, ; 196 | 337°52 396 | 176°:68 


VoL. V.! | '* QIDAL OPERATIONS. | | | BT 


Mapras, 1912. 


Short Pertod Tides. 


A,=2'336 feet. 


g H =R= 034 R= ‘005 R= ‘011 R= 038. 
“IU «=U =| 93°60 uJ i= 231% 34. a3 $= 79°74 7 J f= 2075S 
g H=R= 460 6‘) H= 006 “) H= "009 )H = "038 
$0 n= L=| 27065 x =| 108-9) “| 15°55 « =| 209°-39- 
8 H =R= "002 R= 002 R= "038 R= "005 
Ue Sm 21757 | yy) f= 2472 | pS f=] 38°90 | pags) ) =| 14847 
gfH=R=| 001} MoH =| 003] OH =| 088 sJH=!| 008 
Sl «= f=| 48°81 «x =| 204°°38 we =! 265°S5 « =| 227°66 
S {® =R=| -:0002 R= 107 R= 229 R= 018 
PL ne =f | 338°°44 Y =| 75°26 ¢ =| 108°-48 ¢ =| 289°-63: 
O4n=|° 091] Ney ual -231 [P85 HG =] ong 

= — §28°°12 a— 280°:61 c= 210°°44, 

R= 029 R= °337 R= R= "045 

J ==| 58°83 y ==| 149°°62 | t= ¢=| 50°64 
Mone=| ois] SoH=| -303] *7H= 2Ned =| 047 

| K =| 827°°80 wc =| 836°°'98 — wom 215° 72 
= 1°:054 R= 146 R= "054 R = *002 

¢ =| 162°-84 ¢ =| 76°93 ¢ =| 162°05 ¢ =| 42°5) 

Miy H =| 1-093 et =| 112) "*JH= 055 |(MsNhd He) -o02 

k =| 241°53 x =| 2719-28 x =! 27813 «= 24384 

R= "002 = 098 R= "032 R= 018 

t= 98°58 | =| 166°°01 C= 20°°43 C= 63°°4.4 

MoH =| -002) !dH=| 098) “9H =| 035) E> Ho! ole 

K =| 32°36 won| 886°°45 gg | 178°81 K aa 329°-93 

R=| 006 =| +029 R =|... R= 004 

[= 28°37 ==| 1979-938 ' = Si t= 844°°75 
Moa! -006] 7H =| 025) BQ HS eR 008 

« =| 186°°75 « =| 841° 32 =, K " 315°'82 

Lunar Monthly Tide : : : "043 264°17 | 049 | 22122 
Fortnightly ,, Som 4 072 | 251°-80 050 5-26 
Luni-Solar ,, F 7 , 044 $24°°84 046 | 245° 65 


Solar-Annual ae a, 4356  288%53 435 | 208°-09 


SoasicAanwall <<; - we 348 278-05 348 | 117°17 


n 
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KippErpore, 1912. 


Short Pertod Tides. 


A, = 10°314 feet. 


s H=R = "088 “R= *132 = 023 R= ‘069 
"1D ea 2% =| 207°°82 M % =| 73°36 Q Y =| 60°26 T £ =| 129%38 
s H=R=-=| 1°568 ‘>)H= “147 1 2s 019 2) H = "069 
UL n= t =| 96°46 x =| 312°-56 x =| 356°92 « =| 181-27 
g H=R= 098 = 060 R= 229 R= 68] 
4) «x Y=! 105°14 M Y =| 321°-60 L Y =| 20150 (MS) Y =| 349°-90 
S H=R= "002 §s)H= °069 2) H= 202 ‘,H = ‘706 
6) «c= Y=} 15°95 =| 280°33 xm! 73°70 a =| 69°64 
H= = 004 R= 237 R= 614 R= 097 

8 a & =| 261°°25 =, 180°:98 ¥ == | 275°45 J =| 62°32 
am of =| 201) Ney Hel -636 [?8™)s4 | +10) 

ere | 24°°4) x| 38°42 «x =| §42°58 

R= : ads | R= “459 R= Ses R =x 24) 

Y =| 89°85 x =| 225%) ¢=x| ... ¢ =| 281°72 
MjHa| 024) 5 9H=| -44] *)H=l (| 2X4 HH! -250 

x =| 359°°09 e=| 52°79 k= a, x =| 37°92 

Re 8671 R =! "577 R= °157 R= 257 

% =| 334°°88 Y = 254°-04 C =| 294°°21 { =| 172°-92 

= E =| 3°805 K, H = 443] 3 7H = "162 (M,N), H= 277 
c= 54°°61 c= 88°34, Lc= 51°09 _— 15°62 

| R= bee R= -168 R= °310 R= "128 
=| 25°°9 C -z=| 233°62 ¢=| 18°94 =| 140° 16 
MyH=| -057|% He) 168] “JH =| +332] E) Ho! p15 

ke =| 825°°58 cz}! 44°°08 wa =} 178°41 ez} 47°19 

R= ae R =x ; ba R= ee R= "048 

2 = ; C =| 288°2 t=). =| 3829°°12 
MonH=| -7411 294H=| 033) gH =] 2 OME Bal ody 

x z=| 80°82 «=| 71°36 no we wz} 301°°30 


Long Persod Tides. 


Lunar Monthly Tide : : "345 52°67 -398 9°-48 


» Fortnightly . a & ‘$22 | 27639 1224 29°-26 
Luni-Solar _,, ‘i - oe A 858 | 121°-80 ‘889 41°-57 
Solar-A nnual Pr ; , : 2°328 233°14 9-398 152°-@7 


» Semi-Annual _,, ‘ ; ” "793 125°-00 793 324°-07 


VoL. V.] 


TIDAL OPERATIONS. 


b> 
Raneoon, 1912. 
Short Pertod Tedes. 
A,=10°3218 feet. 
MU n= f=[14ree | 4, } g =| 25°72] Gg Se =| 95°97 pd % =| 117758. 
S H=R=| 27195 6) H = 250 l)H = 019 27H= 9.9.9. 
2) «=z % =| 169°-95 x=| 96°52 x =| 33°47 wx =| 119°50. 
S H =R= 090 R= : 075 R= *848 R= 4.72 
$0 « = 0 =| 268°14 % ==| 1579-30 { =| 298°58 Y =| 182°47 
o fH=R =| 09 May =| 086) sy Hf =| -307 | (S54 GH] © -as9 
6inc=l= 89°97 we =z| 118°°37 « =| 166°°038 we =z| 212°°74,. 
g H =z R= "003 = ‘324 R = 942 R= 161 
8t «= l =| 148°17 c= 125°°45 ee 349°°68 =| 184°-95. 
O5n=| 275) Nesp Hal  -976 (ASM) H —| +167 
c= 19°48 we =| 118°°46 k= 54,°°68- 
R= “044 R= a = R 854 
4 =| 196°°82 4 =| 209°°038 = 4 329°-91 
M, H= 028 K, H= "684 As = 2Ny H °367 
« =| 106°°38 «=| 86°30 c= K 187° 22. 
R=| 5°690 R= °728 = "988 R= 187 
s=| 52°58 Y =| 83515 {=| 28°°63 ¢ =| 811%59 
Ms4 =| “s-307| Key al -559| "Hal 209 (EN GH] 201 
x =| 182°°79 « zx| 169° 41 we =| 141929 « =| 155°65- 
R=| .048 R=| ‘172 R=|  °555 R=| -107 
=| 80°99 % =| 254°°54 =| 134°°03 { =| 195°-07 
M, E nae 047 P, H = 172 Ks = 5906 (MsK,)s H = °100 
«=| 21°39 x zz| 65°02 we =| 294°°57 « =| 102°°60 
R= 507 R= 067 R= R= 186 
=| 8°65 Y =| 297° 07 Y =| 78°96 
Miya; 544] HH] 05s] By HH GMs Fl +139 
x =| 169718 =| 79°°83 c= K 7 47°23 
Long Persod Tides. 

Lunar Monthly Tide g ; 5 214 45°-$8 244 1°86 

» Fortnightly ,, : - : 108 275°°70 075 28°-00 

BLuni-Solar_,, i ; : ; 432 | 121929 448 41°08 

Solar-Annual ‘ ; ; A 1°3389 288°°46 1°3389 152°:97 

» Semi-Annual ,, ° ; ; 116 125°°45 116 $24°°49 
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Moutmein, 1912. 


Short Pertod Tides. 


A, = 8'277 feet. 


S H=RK = 09") R= : R= °041 R = °179 
lle =v =! 145°80 M ¢ =| 303866 Q Y =| 105917 T Y =| 108°-62 
g H=R=_ 1°502 6‘ )H= "066 1)H= 035 -) H= "179 
2Un« = f =| 148°45 we =| 184°°-75 x =| 42°83 «x =! 105°°54 
P H=R= 063 R = 043 = 261 R= ‘7738 
$l ee =v =} 218%26 M Y =| 129°-04 L Y =| 278°°37 (MS) ¢ =| 119°-65 
s H=R = 007 § )H= "049 2 = °230 © ‘*¢)H = *801 
lx = t= 219°:05 « =| 90°50 x =| 150°-86 « =| 200°-01 
R= 268 R = °635 R= -160 
| HW=_R = 001 % =| 144°°18 { =| 328°°88 Y =| ]02°-30 
Sod, =v al 221%19-) 23H =| 228) Ney nH Hl esp fP5™Me4 | -166 
«=| 388°-22 k =| 92°82 «=| 21°94 
R= 029 | - R= °2] R= “R= 221 
2 =| 188%43 Z =| 209°-62 c= r ¥ =| 00°18 
MjH=| -oi19|* H=| 470] *JH= Na+ =| -229 
eal 97°99 xz! 36°88 c= x =| 107°-69 
R=| 4078 R=|  -482 R=| -140 R=| 338 
Y=| 29°62 Y =| 314°'67 6 =| 334° 14 ¥ =| 298947 
wd -| 4226| §)H =| 370) "9 H=| 145 [MN FH K|” -368 
« =} 109°-98 wx =' 148°-92 “=| 91°-94 «x =| 142°-78 
R= ‘O41 R = "149 (7 = 4138 R= ‘182 
gy =| 71°75 Y=, 254°-28 f =| 118768 | cn ¢ =] 155°-86 
or = 043 P, H = 149 | Ps ie = 443 ae H= "170 
x =| 129-29 Ke =| 64°°:77 we =| 279°°41 x =| 93°48 
R= 928 R= "045 R= = "137 
{= 0°:80 =| 281°29 i =| 74°12 
di = 997 J H = 038 R, H= (2MsKi)s = 133 
«x =| 161° 52 «x =| 68°:99 c= “=| 47°:59 
Long Pertod Tides. 
R 4 H K 
dl 
Gunar Monthly Tide P ‘ ‘436 51°17 °497 7°59 
» Fortnightly ,, | , ‘ : 334 283°°49 233 85°-68 
ZLuni-Solar_,, F - ok] Toa} 19949 1237 | 49°19 


Solar-Annual 3 : : | 2-238 227°69 9°2383 147°20 


5, Semi-Annual _,, . * 2 : | *546 ue a 291°86 


Sareea ener eeeeeeeeereeeeceeeeeeeeeereeeeee een eeecceee eee enna nena ee eee eee ee I I I DRL ITT IETE 
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Port Buair, 1912. 


Short Teriod Tedes. 


A = 4°828 feet. 


OI ee ——_ z= —— 


S : R= "005 R= "012 R= ‘071 
1U «= % =' 101°00 Y =| 139°°69 {=| 843% 45 pJsi= 266°57 
g fH=R= 969 My Hei 005) “7 H=! -oOl1 sJH=| ‘071 
lL « =f = $1855 «c=, 19°79 K ==; 280°°62 x =| 268°°4S8 
Ss {t =R e 004 = "002 R =| "078 R= O15 
4 =Y‘= 0. =| 175-60 = 49°38 =} 938°°95 
S Haka -oos | ™%4 Ho "one | eta! ono |MS).4 FHL O16 
Sl «=f =| 20°71 wn =| 185°°74 r= 281°°72 « =| 1735-98 

| | 
g H=R= | -0008 R= 180 R= 377 R= "023 
8 =%¥= 71°57 =| 46°73 = 148917 =] 220°S0 
v= O14 f=] 153 | Neypal-g90 [28Me ied ea 
« =| 300°48 x =| 27160 x =| 140°76 
=_ 038 R= 4.50 R= sae R= "090 
=| §9°°32 = : = oe =| 75°82 
M, : = : = ok =| - 2Ns M = 093 
c= = c= ee x =| 242°-65 
= R= (69 R= "004 
= = 20873] =| 175°71 
M4 Hf = 4 a! sor] {Mas H = 005 
c= 320°63 «=| 19718 
= R =| “O88 R = °019 
C= Y =| 138215 K ¢ =| 95°22 
Ms4 if = Ha -094[ JH=| 018 
_— wc =z! 292° 2] a 2°°53 
C = eos (2M.K;)s5 C = 233°°47 
H = x H = ‘010 
—— oie C= 206°°27 


R H ; 
Lunar Monthly Tide : : 038 | 39% 54 043 | 356° 14 
- Fortnightly og 063 273°47 ‘O44 | 26°02 
Lani-Solar > , as P 002 -104°°55 : 002 24°51 
Solar-Anua y = os : , 291 243°-03 29] 162°°55 
‘i Semi-Annual s ; : 178 $25°33 173 | 1649-39 


<LI TS I EG EE SEE ESP RS SS EC A CI 


(2 RECORDS OF THE SURVEY OF INDIA, 1912-13. [ Von. V. 


DATA FORWARDED TO ENGLAND. 


The following data were prepared and supplied to the Director of the 
National Physical Laboratory, Teddington, England during the year under 
report :— 

(a) Values of the tidal constants for forty ports for the tide-tables 
for 1916, ready for use for the tide predicting machine. 

(6) Actual values during 1911 of every high and low water measured 
in duplicate from the tidal diagrams at nine stations 4nd of the 
tidepole observations taken during day-light at two stations. 

(c) Comparisons of the above with predicted values for 1911, the errors 
being tabulated in such form as to be of use in improving the 
predictions. 


ERRORS IN PREDICTIONS. 


The percentage and the amount of errors in the predicted times and 
heights of high and low water for the year 1912, as given in the tide tables, 
have been determined by comparison with the actual values obtained from 
tidal registrations at the nine stations now working. Similar information has 
also been compiled for three stations at which regular tidal registrations have 
been stopped, but the actual values of high and low water were obtained from 
tide-pole readings in the case of two stations (Bhaunagar and Akyab) and from 
tidal registrations of a small river gauge in the case of the third station (Chit- 
tagong). 

The errors are tabulated in the five tables herewith appended. 


No. 1. 


Statement showing the percentage and the amount of the errors in the predicted 
times of high water at the various tidal stations for the year 1912. 


Automatic | comparisons Errors of Errors over | Errors over | Errors over 
or tween 5 minutes 6 minutes 15 minutes 20 minutes Errors over: 
Stations. tide-pole actual and and and under and under andunder | 30 minates, 


observations. | predicted under. 16 minutes. | 20 minutes. | 30 minutes. 
values, 


—_— 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 


Aden. F : : Auto. 679 | 43 46 6 4 2 
Karachi ; , .| Auto. 707 25 36 13 14 12 
Bhaunagar. ‘ , T. P. 366 68 32 0 0 0 

Apollo Bandar | Auto. 707 | 44 40 7 6 $ 
eae |e Dock Auto. | 692 39 46 9 8 8 
Madras : ; Auto. 105 39 48 7 5 1 
Kidderpore . ; .| Aato. 706 37 47 10 11 & 
Chittagong * . .| Auto. 672 23 85 12 14 16 
Akysb . , , ‘ T. P. 362 97 2 1 0 0 
Rangoon 4 4 ; Auto. - 706 47 82 9 6 6 
Mculmein' . .| Auto. 684 26 44 13 13 4 
Fort Blair. ‘ .| Auto. 706 40 45 7 6 2 


* Observations taken with a small river gauge by the Port Officer, 
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No. 2. 


Slatement showing the percentage and the amount of the errors in the pre- 
dicted times of low water at the various tidal stations for the year 1912. 


Automatic Bsa Errors of | Errors over | Errors over | Errors over 
Srarioxs or between 5 minutes 6 minntes 16 minutes 20 minutes Errors over 
, tide- pole actual and and . and under and under and under 30 minutes, 
observations. | predicted under. 15 minutes. | 20 minutes. | 30 minutes. 
values, | 
ow a a ge ee a eee 
Per cent. | Percent. Percent. | Percent. | Per cent. 
Aden . «ae |_—s Auto 676 39 44 | 7 7 8 
Karachi . 6 | Auto. 708 27° 35 11 14 13 
Bhaunagar . P ; T. P. 366 64 36 0 0 0 
Apollo Bandar | Auto. | 708 39 45 7 6 3 
Bombay i 
Prince’s Dock Auto. 692 39 42 ll 6 2 
Madras ; ‘ ‘ Auto. 703 46 AL - 6 3 l 
Kidderpore . . ..| Auto. 707 80 38 12 12 8 
‘Chittagong® . . -| Auto. 668 19 31 | 12 17 21 
Akyab. «se T.P; i 0 0 
Rangoon . ° Aato. 13 3 
Moulwein sc ‘ Auto. 20 27 
Port Blair . . «| Auto. 3 


* Oleervatiuns taken with a small river gauge by the Port Officer. 


No. 3. 


Statement showing the percentage and the amount of the errors in the predicted 
heights of high water at the varsous tidal slations for the year 1912. 


Namber of 


om comparisons Errors Errors 
STATIONS pepe ao between ‘ic fhe of | over inches ; over 8 inches 
: } tual and inches and d under dnnd 
observations, | "¢*u2 under , On and nnder 
predicted : _ 8 inches. 


valucs, 


Per cent. | Per cent. 


Aden . ‘ ‘ 
Karachi ° ° 
Bhaunagar ‘ 
Apollo Bandar . 
si . Dock . 
Madras ti“ . ‘ 


Kidderpore . . 16 14 
Chittagong® . . 30 16 9 
Akyab . ° ‘ 11 1 0 
Rangoon ° ; 33 13 5 
Moulmein , a 28 16 18 


Port Blair 


* Observations taken with a small river gauge by the Port Officer, 
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No. 4. 


Statement showing the percentage and the amount of the errors in the predicted 
heights of low water at the various tidal stations for the year 1912. 


| 
| Number of | 


P ‘ompari M : E ; 
ee Automatic | “permeen” | rangeat — gEMONOC, | over dinches over Bunches BATU 
- observations, el bai SP Eee - | under, sre Te ae vee | 12 inches, 
| — Values, | | 
a a re omy | en ea ee ee eee | Qe ‘ SS — 
Per cent. | Percent. | Percent. | Per cent. 
Aden | Auto 676 67 | 97 3 0 0 
| 
Karachi . &. 4 Auto. 708 93 | 81 17 2 0 
| 
Bhaunagar | T. P 366 31°4 | 61 33 5 1 
Apollo Bandar.! Auto 708 139 | 66 29 4 | 1 
Bombay ! | | 
Prince's Dock . — Auto. 692 13-9 68 26 5 | 1 
Madras Auto 703 3°5 90 9 l 0 
| 
Chittagong* . Auto 668 13°3 36 28 18 | 18 


| 
Akyab . : 
Rangoon ‘ : ‘ 
Moulmein : : 


Port Blair . 


* Observations taken with a smal: river gauge by the Port Officer, 


No. 5. 


Table of average errors in the predicted times and heights of high and low 
water at the several tidal stations for the year 1912. 


| AVERAGE ERzors 


Automatic | Mean || ————---. — —— — 
oeaaend outidepels | springy i Of time | in tera Of helght in 
Open Coast. H.W. | L.W. | H.W..| LW. | H.W. | LW. 
Aden ° : . .| auto. 67 8 9 (126 026 2 2 
Karachi . o- 44 ° Auto. 9:3 16 15 036 +} 027 4 3 
Bhaunagat 2. wis]: 314 | | 5 6 ol | oll 4 4 
| Apollo Bandar .| ato. 13-9 9 y | 024 | “024 4 4 
Bombay 1 
Prince’s Duck .| Auto. 13°9 9 10 "024 024 4 4 
Madrss . . . «| Auto. 35 | 9 8 | 071 | -o48 3 3 
Akyab . «| TP. 8-3 1 0 | 020 | ‘ozo g 2 
Port Blair ‘ - oe Auto. 6°6 9 7 025 "025 2 2 
General Mean ; <i Aas 8 8 ‘030 026 3 | 3 
Riverain. r en aan 
Kidderpore ‘ ; -| Auto. 11°7 12 14 ‘040 "043 i 6 
Chittagong*® . . «| Auto, : 13°3 18 | go | 038 | 050 6 8 
Rangoon . : : .| Auto. | 16°4 10 | 12 | 025 0-41 5 8 
Moulmein ; ‘ , Auto. | 12°7 -_ 12 } 2 | 046 ‘059 7 9 
General Mean . | 13 17 04) | 048 | 6 | 8 


* Observations taken with a small river giuge by the Port Officer, 
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The foregoing statements for the year 1912 may be thus summarised :— 


Percentage of time predictions within 15 minutes of actuals. 


High ‘Low 
water. water. 


Per cent. | Per cent. 


- 


Open coast 6 at which predictions were tested by S. R. tide-gauge_. 82 82 
stations. 2 p . , tide-pole ; . 100 100: 

Riverain 4, re i is S. R. tide-gauge . 70 58 
stations. 


Percentage of height predictions within 8 inches of actuals. 


High 


water, water. 
Per cent. | Per cent.. 
‘. at which predictions were tested by S. R. tide-gauge 97 98 
stations 9 , :: . tide-pole 97 97 
Riverain 4 . ‘ es S. BR. tide-gauze 14 62 


stations. 


Percentage of height predictions within one-tenth of mean range at springs. 


Low 


water. 


Per cent. | Per cent. 


Open val {’ at which predictions were tested by S. R. tide-gauge .{ 97 98 
stations. {9 : , , tide-pole . .| 100 | 100 

Riverain 4 is sé ‘3 S. BR. tide-gauge 94 91 
stations. 


COMPARISON OF THE PREDICTIONS FOR 1912 wird THOSE FOR THE 
PREVIOUS YEAR. 


The predictions for the year 1912 at the nine stations now working, as 
well as at two other stations where tidal observations were taken by the Port 
Officers on tide poles were compared with the corresponding predictions for 
1911, and it was found that at all the open coast stations the predictions for 
1912 were practically as good asin the previous year, except at Karachi, where 
they were distinctly worse both for times and heights of high and low water. 

For the riverain ports the results are as follows :— 

At Kidderpore the predictions were slightly better. 
At Rangoon and Moulmein the predictions were about the same for 
heights but better for times. 
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The greatest difference between the actual and predicted heights of low 
water for 1912 at the riverain ports was as follows :— 
Kidderpore . 22 8” — on Ist November 1912, actuals being higher. 
Rangoon . : 2’ 4” — on Ast October 1912, actuals being lower. 
Moulmein ; 2’ 5” on 24th August and 24th September 1912, actuals 
being lower. 


TIDE-TABLES. 


The tide-tables for the ycar 1914 have been received from England and 
distributed to the various officers concerned. The tide-tables for the year 1915 
are now being published in England and the data for the preparation of the 
tide-tables for 1916 were despatched to England in February 1918. 

The amount realized on the sale of the tide-tables during the year ending 


September 1913 is Rs. 2,127-14-3. 
PROGRAMME FOR SEASON 1918-14. 


Tidal observations during the coming year will be continued at the nine 
observatories now working. 
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LEVELLIN G. 


No. 17 PARTY. 
(Vide Index Map 10.) 
By Maz. H. G. Suaw. 


There were three detachments engaged on levelling operations. 
The strength of these detachments was as detailed below :— 


PERSONNEL. No. 1 DETACHMENT. 
Imperial Officers. Mr. D. H. Luxa, Ist Leveller, up to 23rd 
. acteniath R. Cotter, I.A., in charge up to 28th April 1913 
ebruary 1913. ° 
‘3 Leonel A. A. Chase, R.E. (Nepal Boundary Mr. Jiya Lal, 2nd Leveller, up to 28rd after 
=o Pile Owes which date as lst Leveller. 
Mr. H. G. Shaw, in charge from Ist March 1913. Mr. Karuna Kumar Das, 2nd Leveller, from 
ti °. hee up to 14th May. 24th Apnil 1918. 
Mr T. F. Kitchen 3 Recorders. 
r mith 
rh tg Sia No. 2 DETACHMENT. 
Mr. Narendra Nath Chuckerbutty. Mr. T. F. Kitchen, 1st Leveller. 
Caper cubord: mare OF 0608: Mr. F. W. Smith, 2nd Leveller, from 25th 


Mr. Bam Singh, Rai Sahib (Nepal By: Dett.) 
Mr. Karuna Kumar Das. 
Lower Subordinate Establishment. 


November 1912. 
Mr. N. N. Chuckerbutty, 2nd Leveller, up. 


$ Computers (2 Computers, Nepal By. Dett.) to 24th November 1912. 
9 Recorders. 
3 Clerks. 3 Recorders. 


No. 3 DETACHMENT. 


Mr. O. D. Jackson, lst Leveller. | 

Mr. N. N. Chuokerbutty, 2nd Leveller, from 13th December 1912. 
Mr. Karuna Kumar Das, 2nd Leveller, up to 12th December 1912. 
3 Recorders, 


Programme of work during the field season. 
No. 1 DETACHMENT. 


This detachment was employed on the following lines of levels :— 
(1) The completion of the line Sargodha to Multan by road. 
(2) Revisionary levelling from Multan to Mahiwala T. 8. partly by 
road and partly along the railway line. 
(3) Revisionary levelling between Ambala, Meerut, and Delhi, along 
the main road. 
(4) Levelling from Delhi along the road to Muttra. 
(5) Levelling from Murree along the tonga road to Srinagar (Kashmir), 
with branch lines emanating from Srinagar (a) to Pahlgam osé 
Islamabad, (5) to the Sind Valley, (c) towards Bandapur, (d@) 
towards Shupiyan. 
These branch lines were carried out a the request of the Kashmir Durbar. 
Line Sargodha to Multén.—The line Sargodha to Multin closes the 
circuits (a) Multan, Khemwala, Segra, Daryakhan, Khushab, Sargodha, Mul- 
tan, and (6) Multan, Sargodha, Lahore, Ferozepore, Murghai, Khemwala, 


Multan. 
K 2 
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. The closing errors being 0°095 and 0°190 of a foot respectively, as shown 
in the following tables :— 


Distance Unadjusted difference 
i of orthometric YEaR. 
heights in feet. 


Crreutt A. 
From Standard Bench-mark at Multan 


Cantonment to ground level mark- 5-477 1907-08 
stone of Khemwalé G. T. Survey 7: and 
Tower Station. Toes OF 
From ground level mark-stone of Khem- 
wala'G. T. Survey Tower Station =o. 
to ground level mark-stone of Segra +195-091 meee 
G. T. Survey Tower Station. 
‘From ground level mark-stone of | 
G. T. Survey Tower Station to 
G.T.S8. —17°707 1906-07 
Oat Daryakhan railway station. 
B. M. 
G. T. 8. 
From O- at Daryakhan railway 
B. M. + 27°129 1910-11 
G.T.S. 
station to Oat Khushab rail- 
B.M. way station. 
G. T.S. 
From O_ at Khushah railway sta- | 
B. M. 
G.T.8. +0°015 1911-12 
tionto Oat Sargodha. 
G. T. 8. » 
From : a at Sargodha to meg —911°000 ro 
.M. an 
Bench-mark at Multan Cantonment. 1912-18 
—0:095 
Cercust B. 
From Standard sear at Multan ‘ 
raed oe 11-12 
Cantonment to © at Sargodba, PeTNOOe and 
B. M. 1912-18 
| G. T. 8. 
From ar at Sargodha to Standard 116-0 + 94:254 191-12 
Bench-mark at Lahore Cantonment. 
From Standard Bench-mark at Lahore 
Cantonment to G. T. S. Bench-mark 54°6 —63°792 1906-07 
at Ferozepore. 
From G. T.S. Bench-mark at Feroze- : 
pore to Murghai Bench-mark. } eked ==tOhie! pooeeGt 
‘From Murghai Bench-mark to nant 
level mark-stone of Khemwala G. 100°0 —115°942 1859-60 
Survey Tower Station. 
From ground level mark-stone of Khem- 
wild G. T. Survey Tower Station to 38-5 —5-477 1866-67 
Standard Bench-mark at Multan Can- and 
tonment. 1907-08 


7946 + 0°190 
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The circuit errors shown in the above have been deduced from unadjusted 
-orthometric differences of height. 

The line Delhi to Muttra. —The levelling from Delhi to Muttra completes 
‘the circuit Delhi, Meerut, Hathras, Muttra, Delhi, the clos ing error being 
0°158 of a foot as shown below. This error has been deduced from unadjusted 
-differences of orthometric heights. 


Distance Unadjusted difference 
of orthometric YEAR. 
heights in fect. 


Lines. 


‘From + at St. John’s Church, Meerut 


to Hathras G. T. S. Block-stone —153°222 1861-62 
Bench-mark. 

From Hathras G. T. S. Block-stone 
Bench-mark to Standard Bench-mark — 25°31 4 1905-06 
at Muttra. 

‘From Standard Bench-mark at Muttra + 197°819 1912-13 
to Standard Bench-mark at Delhi. 

From Standard Bench-mark at Delhi —} 9°} 25 1912-13 
to tat St. John’s Church, Meerut. } 

+ ()'158 


Revision of line Multan to Méhiwala T. S.—On the revision of the line 
“Multan to Mahiwala T. 8., a distance of 42 miles, only one old bench-mark 

near Muzaffargarh, about 18 miles from Multan, was found in existence, the 
rest of the old bench-marks had no inscriptions and were mostly on the tops of 
parapets of bridges und culverts, which have since been renewed, and hence no 
‘comparisons can be made between the old and new values. 

The results of this revisionary levelling showed that the bench-mark near 
Muzaffargarh had remained intact, but at Mahiwala T. S., a difference of 0°166 
of a foot was found between the old and new values; this was probably due to 
the mark-stone at this station having been tampered with as it was found 
broken in two pieces. . 

Revision of line Ambala to Dethi.—The revision of the old lines of levels 
from Ambala, vid Jagadhri, Saharanpur to Meerut of season 1861-62, and from 
Meerut to Delhi of season 1866-67, showed that there was a discrepancy of 

-about 0°7 of a foot, between the old and new values of height of the bench- 
mark 901°6 7\ inscribed on the upper stone step just outside the wooden sill of 
the western doorway of the tower of St. Paul’s Church at Ambala. Accepting 
the old height of this bench-mark as correct, we find that all the old embedded 
bench-marks along the above route to Delhi, with the exception of the one at 
Khatauli, show a rise varying from 0°5 to 0°8 of a foot. ‘his would lead one to 
‘suspect that the Ambala Church bench-mark had settled about 8 inches, which 
is extremely improbable, for if such a large settlement had taken place in this 
bench-mark, the Church Tower, on the plinth of which this bench-mark is 
‘situated, would certainly have showed signs of cracks or separation from the 
main building, which is not the case. 

There is no doubt about the point of reference being identical with that of 
1861-62. The only way at present to account for this difference is, that 
perhaps a gross error has been made between Ambala and Jagadhri, either in 
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the old or in the revised levelling. It is intended to relevel the line between 
Ambala and Jagadhri next field season. 

The embedded bench-mark at Khatauli shows a settlement of 0°14 of a 
foot as compared with Ambala, or of nearly 10 inches with reference to the 
other bench-marks of this revision work. 


No. 2 DETACHMENT. 


This detachment had for its programme :— 

(1) Levelling from Comilla to Chittagong. 

(2) Levelling from Brahmanbaria, vid Dacca and Goalundo to . Pachuria,. 
by road and across country, crossing the Meghna, Lakhya,. 
Dhaleswari, and the Padma or Ganges rivers. The distances 
across these rivers being respectively, 65, 35, 52, and 109 chains 

of 66 feet length. 

(3) Pachuria along the railway line to Faridpur, and thence across 
country to Barisal. 

(4) Levelling in Darjeeling. 

The line Comilla to Chéttagowg.—The levelling from Comilla to Chitta- 
gong connects Parvatipur, vid Gauhati and Akhaura, with the tidal station at 
Chittagong with an error of 1'382 feet as given below. | 

The line Brahmanbarta to Pdachuria.—The line Brahmanbaria to. 
Pachuria closes the circuit Poradaha, Parvatipur, Gauhati, Akhaura, 
Pachuria, Poradaha, with an error of 2°706 feet as given below. 


Distance Unadjusted difference 
in 


Lines. of orthometric Yuan. 
miles. heig bts in feet. 
G. TS. 
0 at Parvatipur above Mean set 4+114°564 
B: M. Level. (Vide Volume 
XIX B). 
G. T. 8S. 
From O at Parvatipur to “1895” 228°5 + 56°690 1901-02 
B. M. Gauhati Railway Sta- an 
tion. 1905-06 
From “1895”? at Gauhati Railway 
Station 
G.T.S. 
to oO at Akhaura Railway su} 283°5 —152°342 1910-11 
B. M. tion. and 
1911-12 
G. T.S. ‘’) 
From oO at Akhaura_ Railway | 
B. M Station 
131°3 —2'864 1912-13 
G. T. S. 
- to O. Tidal test Bench-mark = 
B. M. “A” at Chittagong. 
G. a S. 
M. W. L. at Chittagong below — 14°666 bee 
Tidal test Bench-mark “A” | 
at Chittagong. : — 


643°3 + 1°382 


—— 


ERRATA, 


— 


—~ 


Records of the Survey of India, Vol. Y. 
(1912-13) 


—— ee 


Page 71, line 5 from bottom—— 


For 2°706 feet —1°382 feet =1°324 feet. 
Read 2-706 feet —1-082 feet =1:'624 feet 
Page 72, line 3 from top— 


For 1°324 feet read 1°624 feet. 


Digitized by Google 
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Distance Unadjusted difference 
Lines. in of orthometric YEAR. 
miles. heights in feet. 
G, T.S. 
From O at Poradaha Railway 
-  B.M. Station ; 
a 129°] + 68°06 1901-02 
G. T.8 (Vide Volume 
to O at Parvatipur. | XIX B). | 
B. M. J 
G. T. S. 
From D Parvatipur to 1805” 228°5 + §6°690 1910-11 
B. M. at Gauhati Railway and 
Station. 1911-12 
From “ 1505” at Gauhati Railway Sta-) 
tion | 
G. T.S. a 283°5 — 152°342 1911-12 
to D at Akhaura Railway 
B. M. Station. 
G. T.S. 
From O .at Akhaura Railway | 
B. M. Station | 
G.T.8. 1868 + 9°495 1912-18 
to O at Pachurid Railway Sta- 
Minor tion 
B. M. 
G. T.S. 
From O at Pachuria Railway | 
Minor Station | 
B. M. ) 
45°6 + 20°767 1899-1900 
G. T. 8. 
to O at Poraidaha Railway Sta- 


B. M. tion, 


Closing errors.—A portion of the error of 1:382 feet generated on the line 
Parvatipur to Chittagong may be due to the difference between mean sea level 
and mean water level at Chittagong, this being a riverain port. The tidal 
station at Chittagong is only about 12 miles up the river, and therefore the 
maximum difference between mean sea level and mean water level may be 
assumed to be not more than 0°3 of a foot. 

This would show that the rest of the error, viz., 1082 feet, is due to levell- 
ing. Now as the portion between Chittagong and Akhaura has no unusual 
features, and the distance between the two points is about 131 miles, it may 
safely be assumed that nearly the whole of the above error lies between Parva- 
tipur and Akhaura. 

As shown in the above tables, the error in the whole circuit is 2°706 feet,* 
it follows therefore that an error of 2°706 feet — 1°382 feet = 1°324 feet, has 
been generated between Akhaura and Poradaha. As regards the error between 
Parvatipur and Akhaura, the most likely places for the occurrence of a gross error 
are, the river crossing at Dhubri which was done by the tide-pole method only, 
and the hill section from Gauhati to Dumpep, a rise of about 5,917 feet in a 


®The revision of the section of single levelling between Pacburid and Porilaha has brought to light an 
error of abuut 2 feet. The circuit error will therefore be reduced to about U'7 foot. 
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distance of 81 miles, and from Dumpep to Tharia Ghat, a fall of about 5,976. 
feet in a distance of 25 miles. | 

With reference to the error of 1°324 feet between Akhaura and Poradaha 
in a distance of 182 miles, the weak points of this line appear to be (a) the 
single levelling between Pachuria and Poradaha, and the various river cross- 
ings, previously mentioned, which were done in the course of the levelling. 

With a view to locating the above errors as far as possible, it is intended. 
during the coming field season, to repeat the river crossing at Dhubri by means 
of “ Vertical Angles” and the “Target’’ methods, and to revise the section,. 
Pachuria to Poradaha, by double levelling. 

River crossings by the ‘Target’ method.—The three rivers crossed by the- 
“Target”? method with levels were the Meghna (65 chains), the Lakhya 
(35 chains ), and the Dhaleswari ( 52 chains ). 

The target is rectangular shaped and is made of wood 12 inches by 6 inches. 
with a 3-inch square opening in the centre and fitted with a thin brass strip. 
for the reading of the graduation on the staff. A white fan shaped strip is. 
painted on a black ground on each side of the aperture, thus allowing for fine 
intersections with the level at a considerable distance. It is provided with. 
suitable springs and rollers which enable it to be worked up or down the levell- 
ing staff with ease. There is also a clamping screw to clamp the target to the 
staff for the final reading. 

When crossing the above mentioned rivers sites were selected after careful 
reconnaissances so as to have both rays from the instrument to the staves. 
passing over water, and the distances to the staves equal. 

Invariably both levels were used and observations taken by the two levell- 

ers. During the course of the observations the height of the instrument was. 
‘frequently altered so as to avoid bias in reading the staff, such as there might 
have been had the instrument been kept, at the same height throughout the: 
observations. Observations for the crossing of the Meghna and Lakhyéa rivers 
were taken on one day each only. The results gave the probable error of 
observation for the crossing of the Meghna river as + 0°0045 of a foot, and 
for that of the Lakhya river as + 0°0004 of a foot. Observations were taken 
on several days at the crossing of the Dhaleswari river, the probable error of 
observations for this crossing being + 0°0034 of a foot. 
_ Riwer crossing by the “Vertical Angles’ Method.—The following descrip- 
tion of the method employed in carrying a line of levels across the Padma or 
Ganges river, at Goalundo, is given verbatim from the report by Captain V. R. 
Cotter, I.A., who was in charge of these operations. 

This work was undertaken in February 1913, by Captain V. R. Cotter,. 
assisted by Mr. O. N. Pushong. 

The breadth of the river at this part varying from a little over a mile to 
- four miles, it was decided to do the crossing with theodolites. 

Two twelve inches theodolites, vzz., Nos. 2 and IV, were used. Their micro-- 
meter heads were turned through a right angle, so that the wires read vertical 
ares, and the value of one division of the micrometer of each theodolite was 
determined by setting the telescopes to solar focus.and comparing their values 
with the values of the eyepiece micrometer of No. 1 zenith sector. The level. 
values were obtained by means of the level tester in the Dehra Din bar room. 

On arrival at Goalundo it was found that one of the theodolite pillars was 
not suitably placed. It was situated about three hundred yards from the river 
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bank, whereas the pillar on the other side was within ten yards of the bank. 
A. new pillar was accordingly constructed on the Goalundo side of the river, 
also within ten yards of the bank. The atmospheric conditions on both banks 
were very similar. There was no stretch of sand on either side, and the rays of 
light from both signals traversed only these strips of ten yards of land, the rest 
of the course of both rays being over water. 

The methods employed differed a little from those employed in former 
operations of the same nature. Endeavours were made (1) to ensure that the 
rays of light from both signals should pass through the same strata of air ; 

(2) to ensure absolutely simultaneous intersections of the signals by both 
observers. 

_ To obtain condition (1), experiments were made to see whether it was 
possible to utilize the object glass of each theodolite as the signal for the theo- 
dolite on the opposite bank. ‘The want of illumination inside the observatory 
tents made this idea impracticable. The signal eventually decided on was a 
6-inch heliotrope-of which the back was painted with a white mark. This signal 
was placed on the pillar, over the station mark, the centre of the signal being 
thus about six inches above the mark. 

This meant that there was a space of about three feet six inches between 
the centre of the axis of each theodolite, and the signal beneath it. The recip- 
rocal rays crossed somewhere about the middle of the river, and diverged to a 
distance of about this amount. 

To obtain condition (2), the following procedure was adhered to—(a) Each 
observer directed his theodolite to a point just a little above or below his signal, 
clamped the vertical limb, and took the readings of the vertical limb micros- 
‘copes. (6) At a prearranged signal both observers went to their respective 
theodolities, and read their levels. (c) As soon as Captain Cotter saw that 
Mr. Pushong was behind the theodolite and the position of his legs showed 
that he had commenced to take intersections, the former commenced to take 
intersections, with the eyepiece micrometer, continuing to do so until it was 
evident from the latter’s position that he had ceased to observe. 

Both observers then read their levels again, and took four extra readings 
of the limb microscopes. This completed an observation on one face. 

Face was changed after every two observations and the face lefts and face 
rights were combined in pairs to give the data for one value of the difference of 
height. | 

Fifty such values were obtained, each of which involved tour limb settings. 
As each limb setting involved an average of eight micrometer intersections, 
some sixteen hundred intersections were made, z.e., eight hundred to each 
signal; and although these intersections were not divided so as to be absolutely 
simultaneous on both sides of the river, they may be correctly described as 
occupying approximately the same intervals of time. 

It should be mentioned here that the distance between the pillars on oppo- 
site banks was obtained by triangulation with a 6-inch micrometer theodolite 
and the mean value found to be:109 chains, The two values obtained differed 
by less than a foot. As a difference from the true value amounting to one 
chain would not affect the resulting difference of height, this result was consi- 
dered as having an accuracy much above the requirements of the work. 

After the theodolite observations had been completed, the pillars were con- 


nected by levelling to permanent marks adjacent to them. 
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As such a large number of intersections had been taken, not confined to 
the time of minimum refraction, but spread over several hours of the day, a 
careful analysis of the results was made. The results of this analysis appeared 
to prove :— : 

(a) That the method of observing tended to give practically simultane- 
ous reciprocal observations. 

(o) That the values of height obtained between the hours of 10 a.m. and 
1 A.M. were as good as those obtained at the time of minimum 
refraction. 

(c) That the co-efficient of refraction appeared to change momentarily to 
just as great an extent at the time of minimum refraction as at 
other times. At the time of minimum refraction it changed in 
both directions, but at other times it rose or fell regularly. 

That the co-efficient of refraction was unusually high, the highest being 
0°41 and the lowest 0°10. 

A value of the difference of height having a probable error of =+0°0057 
of afoot was obtained by accepting all the observations irrespective of the time 
of day at which they were carried out. The final value of the difference of 
height accepted was, however, obtained by weighting the observations according 
to the apparent behaviour of the atmospheric refraction as disclosed by the 
simultaneous observations. 

The detailed discuss'on of the results is being deferred for incorporation in 
a professional paper, after the carrying out of some of the other river crossings 
which have to be done during the next field season. 

Levelling in Darjeeling.—\he levelling in Darjeeling District was carried 
out in the Cantonments of Lebong and Takdah and also in the Happy Valley 
landslip area within the Darjeeling Municipality. 

The object of this work was to supply sufficient spirit-levelled heights to 
enable the detail Surveyors to lay down contours on the large scale maps of the 
above areas which were then being surveyed. 

The services of Mr. Syed Zille Hasnain who had previously supervised 
similar levelling for the new capital at Delhi, were temporarily borrowed from 
No. 16 Party to take charge of the detachment. 

The levelling in Lebong Cantonment and the Happy Valley area was based 
on the Trigonometrical height of Observatory. Hill h. s. (Darjeeling) taken as 
7,162 fect. The levelling in Takdah Cantonment had for its origin the 
Trigonometrical height of Deoral Danda (Takdah) h. s. taken as 6,760 feet. 

The general procedure adopted in carrying out all the levelling in the 
Lebong and ‘T'akdah Cantonments and also.in the Happy Valley area was 
practically the same as that employed in the levelling done for the new Capital 
at Delhi in season 1911-12. The work consisted of circuits and subecircuits 
interlaced in such a manner that numerous checks were supplied at short 
distances and it was impossible for any gross error to have crept into the work 
without being at once detected. All the precautions generally taken in levell- 
ing of precision were duly observed in this work, except that the staves were 
not guyed. Spirit-levelled heights were given of points at an average distance 
of about 400 feet apart to enable the contours to be drawn as easily and accu- 
rately as possible. 

The bench-marks whose heights were determined consisted of (1) marks on 
parapets of bridges and culverts, (2) marks on boundary pillars, (3) marks on 
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permanent buildings, (4) tops of large wooden pegs firmiy driven into the 


ground, (5) permanent bench-marks which were specially built by the local 


T.8. 


Engineers and consisted of stone slabs about 9” x9" x 6" with a 6 


on them, let into masonry platforms or floors of suitable buildings. The 
heights of all the bench-marks fixed in the course of tle above levelling 
were computed as the field work progressed, and descriptive lists of all the 
bench-marks with their heights were prepared. In addition, the position of all 
the bench-marks were roughly plotted on the existing maps of Lebong, Takdah 
and the Happy Valley area and their heights were also written alongside their 
positions. These plots with the descriptive lists of bench-marks were made 
over to the Director of Surveys, Bihar and Orissa, under whose orders the detail 
survey was being carried out, as soon as the levelling in each area was finished. 

In order to facilitate the identification of the bench-marks by the detail 
surveyors, every bench-mark was allotted a fractional number, the denominator 
denoting the number of the section to which the bench-mark belonged and the 
numerator the serial number of the bench-mark in the section. 

For instance ? denoted the second bench-mark in section number 5. 

The numbers were boldly painted in black on the bench-marks by the 
levellers directly they were connected by levelling. The bench-marks were as 
far as possible placed in: conspicuous positions and in addition, lucid descrip- 
tions of the same were prepared and entered in the lists of heights supplied to 
the Director of Surveys, Bihar and Orissa, with rough plots showing the position 
of every bench-mark. 

Remarks on the country levelied over.—The levelling from Brahmanbaria 
to Dacca and thence vid Faridpur to Barisal presented unusual difficulties. 
There is no road for the greater portion of these lines, consequently it was very 
difficult to transport the camp equipment from one place to another, boats were 
generally employed and would sometimes have to do a circuit of 25 miles, 
whereas by travelling straight across country the distance would not perhaps 
be more than 4 or 5 miles, levelling, however, was taken as directly as possible 
across country in order to complete the line to Barisal. Owing to heavy rains 
experienced in the month of March, the whole country became very swampy 
and sodden, and it was difficult to carry the levelling forward. 

Nearly the whole of this country is under water till well into the cold 
weather and owing to the alluvial nature of the soil, it is very likely that the 
bench-marks will settle more or less in the course of a few years. 


engraved 


No. 8 DETACHMENT. 


The following programme of work was allotted to the detachment :— 

(1) Levelling from Henzada to Bassein, along the Ngawun river em- 
bankment, vid Ngawun, Lemyethna, and Ngathainggyaung. 

(2) Levelling from Pegu to Mokpalin, by road, canal tow-path, and 
railway, vid Thanatpin and Abya, with branch lines to Myitkyo, 
and Tawa Locks of the Pegu-Sittang Canal. 

(3) Levelling from Prome to Taundwingyi by road, vid Allanmyo. 

From Table 1 of this detachment, it will be noticed that there are several 
discrepancies between the old and revised values of bench-marks at Pegu, which 
could not be ascribed to errors of levelling for the short distances levelled over. 


The only way to account for them is to assume that the bench-marks concerned 
L2 
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have either risen or settled by the amounts of the differences shown against 
them. . 

The check levelling at Prome shows that the standard bench-mark at that 
place has undoubtedly settled by about 0°04 of a foot. 

Outturn of work.—The combined tabular statement of the three detach- 
ments shows the outturn of work of the party. 

Standard Bench-marks —The Standard bench-marks at Dacca, Barisal, 
and Srinagar (Kashmir) were connected during the field season. 

Bench-marks in Kashmir territory.—On all the lines of levelling carried 
out in Kashmir territory, that is from Kohala to Srinagar and the branch lines 
previously mentioned, a new type of bench-mark somewhat similar to the 
Standard bench-marks, was introduced instead of the usual embedded pattern. 
The bench-mark consisted of a stone block about 14 feet square and 3 feet high, 
the upper 8 inches dressed in the form of a frustum of a pyramid terminating 
in a 4-inch side square. The monolith was embedded in a block of masonry 
5 feet square, the upper 2 feet of the stone being above the masonry block. 
The side of the monolith facing the road was dressed. 

The inscriptions on these bench-marks have not been cut uniformly. 


Some monoliths bear the inscription on the top, the others have the 


letters pats cut on the dressed side. 


Aluminium Staves.—A pair of aluminium staves were tried on the line 
Murree to Kohala. This is the first time that metal staves have been used in 
this Department. So far they have not been successful. They were used along 
with a pair of wooden staves in the double levelling from Murree to Kohala, 
for a distance of about 18 miles, but as the difference between the results given 
by the metal and wooden staves was large, it was decided to stop using the 
aluminium staves until further investigations had been made. 

The Superintendent of the Trigonometrical Survey inspected the party at 
Mussoorie on the 4th August 1913. 
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TABLE II.—No. 1 Deracumenr. 


Discrepancies between the Old and New Values of Bench-marks. 


a 

~) 

= iffe 

3 | OBSERVED HEIGHT ABOVE (+) OR “Chee 

- BELOW (—) STARTING BENCH-MARK AS Original) 

s DETERMINED BY The sign+ 

b | . So 
Description of bench-marks of the original Ss peeve wd 

levelling a were connected for = | was meaehed REMARES, 
check-levelling. S - pos 

- Original | Check Mess in 1913-18 

S , levaliina Date, levelling than when 

a4 B- | 1912-18. | originally 

=¢@ | | levelled, 

= — 

Miles. Feet. F eet. Feet. 


| 


Check-levelling between Amkhas and Multdn City, part of line 554 (Sargodha Khemwalé). 


G.T.8. At Amkhas ; -}| 00 0000 | 1911-12 0-000 0°000 
0 
B. M. 
A.D. 1911 
A, At Town Hall, Multan City | 1-0 +8709 |1911-12; +8719 +0010 
G@. T.S. At mosque at junction of | 1:9 +9°831 | 1911-12) -+9°852 +0°021 


O roads, Multan. 
B. M. 


Check-levelling at Multan Cantonment, part of line 55.4 (SargodhaeKhemwala). 


G. T. 8. Embedded at Multan Can-| 070 0:000 | 1866-67 0°000 0°000 
x tonment. 
B. M. 
G. T.S. At barrack No. 1 B. I.| 00 +4658 |1907-08;} +4565 | —0-0038 
O Lines, Multan. 
B. M. 
G. 7.8. At barrack No. 4 B. I.] 0-1 +2°722 | 1907-08; +3°733 +0°001 
Lines, Multan. 
B. M. 
Standard Bench-mark at Multan 01] +2406 | 1907-08; +2406 0-000 
G. T.8. At Steeple Tower, St.| 0:2 +4880 | 1907-08; +4:878 | —0002 
O Mary's Church, Multan. | 
B. M. 
G. T. 8. At Chaplain’s office, St.| 0:3 +4199 | 1907-08; +4°196 —0°003 
O Mary’s Church, Multan. | 
B. M. 
G. T. S. At Block 28, Station Hoa-| 0°35 +4°361 | 1907-08] -+4'858 —0-003 
O pital, Multan. 
B. M. 
G. T. 8. At Block 26, Station Hos-| 0°6 +4159 | 1907-08; +4°160 +0°001 
O pital, Multén. 
B. M. 
G.T.S. At N. W. Railway Rest| 1:3 +2°780 | 1907-08 +2°771 —0°009 
O House, Multan. 
B. M. 
G. T. 8. At West end of main plat- 1°2 +6°842 | 1907-08 + 6°882 —0°010 
O form, Multan Cantonment 
B.M. Railway Station. | 
G. T. 8S. On platform coping oppo-| 1°4 +6°867 | 1907-08 +6858 —0°014 
O site main exit, Multan 
B. M. Cantonment Railway 
Station. 
G@. 7.8. At E. end of main plat-); 1°5° +6°925 +6910 | ~—0015 | 
8) form, Multén Canton- 
B. M. ment Railway Station. 
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TABLE Il—(continued).—No. 1 Detacawenr. 


Discrepancies between the Old and New Values of Bench-marks—continued. 


Description of bench-marks of the original 
levelling that were connected for 


. check-levelling. 


a 

iJ] 

Ss 

S 

to 

8 

b 

a 

a 

E 

E 

% Original 
Sg levelling. 
ah 

w 

2a 


M iles. | Feet. 


OBSERVED HEIGHT ABOVE (+) OR 
BELow (—) StartinG BENCH-MARK AS 
DETERMINED BY 


Check 
levelling, 
1912-13. 


Difference 
(Check- 
Original). 
The sign + 
denotes that 
i the height 
| war greater 
innd the sign— 
Je«é in 1912-13 
| than when 
originally 
levelled. 


BRemaBKxs, 


Revision between Multan and Mohiwald, part of line 55.A (Sargodha-Khemwalé) and 55 ( Murghat-Chach). 


G. T.8. Embedded at Multan Can- 


x tonment. 
B. M. 
At Road Bridge over 
A:  Taliri Nala. 
@© = At Mahiwala G. T.S. 


901'6/A\ At St. Pav!’s Church, 
Ambals. 
+ AtR. H. A. Memorial, St. 
Panl’s Church, Ambala. 
Standard Bench-mark at Ambala 
@.T. 8. At Block 6, Station Hos- 
n pital, Ambala. 
+ On Monument Stone, R. C. 


G. ‘ 8. At R. C. Church, Ambala. 
B. M. 
G. T. 8. At N. W. end of “ B” plat- 


O 


B. M. 
G. T. 8, At S. E. name-plate of * A” 


00 0-000 | 1866-67 
18°0 —7°849 | 1866-67 
42°3 +2692 


0-000 


—7°829 


1859-60 | +27°086 


0000 


+0°011 


+0 166% © Mark-Stone 
found tampered 
with. ~ 


Check-levelling at Ambala, part of line 61 (Ferozepore- Meerut). 


Church, Ambd&la. 


form, Ambala Canton- 
ment Railway station. 


o) platform, Ambala Can- 
b.M. tonment Railway Station. 
G.T.S. At Wesleyan Charch, 
O Ambala. 
B. M. 


G.T.8. At Bluck No. 8 of No. 2 


O 
B. M. 


Section Hospital, Am- 
bala. 


G. 5 S. At Block No. 2 of No. 2 


B. M. 


Section Hospital, 
bala. 


Am- 


G. T. 8. At Block No. 42 (Canteen) 
O 
B. M. 


G.T,S. At Block No. 43 (Sergeant’s) 
O 


B. M 


R. H. A. Lines, Ambala. 


R. H. A. Lines, Ambala. 


i 


3 


0:0 0-400 
O1 +0°508 
Ol + F829 
0-4 +9029 
1:2 —3'014 
11 -—3°618 
1°7 —3°667 
19 —3'332 
1:0 +3°704 
1:2 + 41°969 
1:2 + 4°103 
2:0 + 10°:090 
2°] +11°484 


1906-07 
1906-07 
1906-07 


1860-61 


1906-07 


1906- 7 
1906-07 


1906-07 


1905-07 


1906-157 


1906-07 
1905-07 


190507 


0-000 


+0513 


+ 1°820 
+0°077 


—3°048 


—3°611 


— 2°636 


—3°513 


+3°737 


+5°002 


+4133 


+10°114 


+11:479 


0°009 


+0°009 


—009 

+ 0°018 

—0 002 

+0°007 

+0:031 

+0°019 
| 


+0 033 


+0:033 


+0030 
+0°024 


—1-005 


Check-levelling at Sakdranpur, part of line 61 (Ferosepore- Meerut), 


G.T.8. Stone B. M. at Megh| 90 0C00 | 1861-62 0-000 0-000 
Chapar Falls, Sahdran- 
pur. 
© At base of M.S. Meernt71],/ O06 —1°491 | 1905-06{ —1°472 | +0°019 
Mazaffarnagar 38, Saha- 
ranpar 2, 
G.T.S. At base of M.S. Meerut} 1°6 —7°751 | 1906-06} —7'744 |} +1°007 
O 70, Muzaffarnagar 937, 
B. M. S»h&ranpur 1. 
G.T.S. At well at junction of| 2°7 —9-441 | 1906-06] —9451 —0°010 
O roads. 
B. M. 
O Ontop of F.S. 1 between; 30) -—10°930 | 1905-06} —10°932 | —0-0062 
miles 37 and 38 from 
Muzaffarnagar. 
Standard Bench-mark at Sah&ranpur|} 3°7 —4521 | 1906-06; —4°520 | +0001 
G.T.8S. At church of England,| 37 —4366 | 1906-06; —4°353 | +0°013 
aa Sahéranpur. 


Vou. V.] LEVELLING. 88 
TABLE !l—(continued).—No. ) Detachment. 
Discrepancies between the Old and New Values of Bench-marks—continued. 
& 
a Difference 
i a ete ee 
& DETERMINED BY The sign ee 
denotes that 
boon sf erebmctect stg ire! | 9 Seta | sense 
cbeck-levelling. FS and the sf gn— 
= Original Check- less in 1913-18 
ae levelling, Date. Jevelliog: er hokey 
24 Ievelled, 
a 
3 pateseeeee a 
Miles. | Feet : | Feet. Feet. 
j 
Revision between Ambale and Meerut, part of line 61 (Ferozepore- Meerut). 
901°6 A At St Paul’s Church, 4m-| 00 0°0U0 | 1860-61 0000 | 0-000 
G.T.8. Stone B. M. at J agadhri .| 30°8 +21°888 | 1861-62) +22°592 | +0°704 
GT.8  ,, ” Amadalpur | 35°9 +4417 | 1861-62}; +6181 | 40764 
G.T.S. ,, ‘; Sirs&wa. 45°0 —6182 | 1861-62| —4°528;} +0°655 
G@T.8. 4» 2» | Megh Cha-| 62°3| +6609 |1861-62| +6219 | +0610 
par Falls, Saharanpar. 
G.T.S Stone B. M. at Bhatkheri.| 640] -—326550 | 1861-623| —24°730 | +0°820 
G.T.8 _,, »  Deoband 76°7 | —69°702 | 1861-62) —68°998 | +0°704 
Top of milestone Muzaffarnagar 4,| 88°0 | —104°773 | 1905-06 | —103°'932 | +0-841 
at Rampur Village. 
—111°638 5 *| 1861-62 +0°654))}* Two value 
@.T.S. Stone B. M. at Muzaffar- | 92:0 and |—110084 shown in Vol. 
nagar. —111°617 ) |1906-06. +0°633 XIX B. 
Top of milestone Muzaffarnagar 8 .| 95°0 | —99°669 | 1905-06| —98°475 | +1°194f | Position of mile- 
stone changed. 
Ground level mark-stone at Begaraz- | 98°8 —85°705 | 1861-62| —865:088 | +0u° 17 haa 
pur G. T. 8. Tower 
Station. 
G. T. 8S. Stone B, M. at Khatauli .| 105-3 | —111°8223 | 1861-62 | —111°962 | —0°140 
Plinth of Ganges Canal M. 8. No. 62 | 105°5 | —114°590 | 1861-62 | —114087 | +0°558 
+ At St. John’s Church, Meerut | 124°7 | —162°342 | 1861-62 | —161°793 | +0°647 
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TABLE II—(continued).—No, 1 DETacHMENT. 
Discrepancies between the Old and New Values of Bench-marks—continued. 


emotion of bench-marks of the original 
evelling that were connected for 
check-levelling. 


Ground level mark-stone at Begaraz- 
ar G. T. S. Tower 
tation. 


QO On stone prism opposite 
F. S. 4 between miles 3 
and 4 Muzaffarnagar. 


Top of mile 8 from Muzaffarnagar 


QO At stone prism opposite 
F. 8S. 5 between miles 3 
and $3 Muzaffarnagar. 


G. T, 8, Stone B. M. at Muzaffar- 
nagar. 


A Onstone at gate of Town 
Hall, Muzaffarnagar. 


G@Ts. At Sessions Judge’s Kachah- 
O ri, Muzaffarnagar. 
B. M. 
Standard Bench-mark at Muzaffar- 


nagar, 


bet 


g benc 


mark, 


0°0 0°C00 | 1861-62 
3°] —17°856 | 1905-06 


3°6 —13°964 | 1905-06 


4°3 | —16°989 | 1905-06 


—5°912) *| 1861-62 

6°7 { and 
| 96-933) | 1905-06. 
6:9 | —12°862 | 1905-06 


71 —8:101 | 1905-06 


| 
74 | —8746 | 1905-06 


Top of mile-stone Muzaffarnagar 4/ 108 | —19°068 | 1905-06 


at sa Village. 


A| DETEBMINED BY 
£ 

= 

e 

| 

£ 

‘s Original 

3 levelling, Date. 
8 

2 

= 


OBSERVED HEIGHT ABOVE (+) OB BELOW 
(—) STARTING BENCH-MARK 48 


Check- 
levelling, 
1912- 13, 


0-000 


—25'896 


Feet. | | Feet. | Feet. 


Check-levelling at Muzaffarnagar, part of line 61 (Ferozepores Meerut). 


Difference 
Cc 


Sa height 
mg are 

and the sign— 

less in 1912-1 

than when 

originally 
levelled. 


[Vor V- 


Remarks, 


0-000 
+0°014 


+0°577 
+0°039 
vont 


+0°037 
+0°012 


+0°033 
+0°022 


+0°024 


Position of mile- 
stone changed. 


* Two 
shown 


XIX B. 


values 
in Vol. 


Check-levelling at Meerut, part of line 61 (Ferozepore- Meerut) and of line 62 A (Meerut-Delhi). 


+ At St. John’s Church, 
Meerut. | 


Standard Bench-mark at St. John’s 
Church, Meerut. 


@.T.8.On culvert in Church 
O Street 4 mile 8. of St. 
B.M. John’s Church, Meerut. 


G. T. 8. At protecting wall of Catch-| 


water on the Mall, 
B. M. Meerut. 


G. T. S. At Suitor’s waiting shed 
O at Deputy Commissioner's 
B. M. Kachahni, Meerut. 


Standard Bench-mark at Public 
Works Department offices, 
Meerut. 
@. T.8. At General Mile Pillar, 
¢) Meerut. 


B. M. | 
| V | At Somru Bridge, Meerat. 


0-0 0-0 | 1861-62 
01] 1-300 | 1905-06 
06 | —3260 | 1908-06 
4]  —1-936 | 1908-06 
23!  —g-ge6 | 1908-06 
25 | —7-97—8 | 1905-06 
08] —«e3e | 1866-67 
}°2 —4°576 | 1866-67 


0°000 


—1°'305 


—3°244 


—1-968 


—8°837 


—7'994 


—6°644 


—4°585 


0000 


— 0°005 


+0°016 


—0°027 


—0°011 


—0019 


™ 
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TABLE IIl—(conttnued).—No. 1 DetacuMenr. 


Diserepancies between the Old and New Values of Bench-marks—continuca. 


ti 
a Difference 
| 2 | omerpmmer trees r te Chaka 
2 DETEBMIWED BY sign +denotes 
that the 
vr teaiiie thet cere pepe! one 2 i height how REMAEKS, 
check-levelling, 5 Breater an 
3 Original | Date, | levelling, “than when 
aa levelling. 1912-13. originally 
= levelled, 
r= 
Miles Feet. Feet. Feet. 
Revision of line Meerut-Delhs, line 62 A (Meerut-Detlh:), 
+ At St. John’s Church,| 00 0°020 | 1861-62 0°000 0°000 | 
Meerut. 
G.T.8. At General Mile Pillar,| 0°8 —6°656 | 1866-67 | —6°644 +0:012 
Oo Meerut. 
B. M. 2 
| 77 At Sormu Bridge, Meerut| 1°23 —4°576 | 1866-67; —4585 | —0°009 
G. T. 8. At well 23 chs. N. of F.8.} 18:5 | —21°631 | 1866-67 | —21:726 —0'095 
O 6 between miles 12 and : 
B.M. 13, Meerut. | NGae) abi ness 
G. 7.8. At bridge over Jalalabad! 190 | —16-085 | 1966-67} —16177| — - ma 
O distributary. old. ] ff : 
B. M.. ) evellers 
! and the des- 
@. T. 8. At well 5 chs. N.N. E. of | 25:9 | —89°506 | 1866-67, —38-407' +1:099 eeiphons were 
; | very insaffi- 
O F. 8. 2 between miles 25 ) dient ico. that 
B.M. and 26, Meerut. | their identity 
: : : : : as could not be 
G. ; S. At oblique bridge No. 44. | 282 | 40-485 | 1866-67 39°542 | +0°943 established 
BM | with certainty, 
G. T. 8. At well at S. W. corner of | 301 | —42:134 | 1866-67 43: 740 ' —0'606 
O Ghaziabad City wall. 
B. M. 
Standard Bench-mark at Delhi. 41-8 +19:113 | 1906-07 | +19°125 +0°012 
Check-levelling at Delhs, purt of line 62 A (Meerut-Dethi). 
Standard Bench-mark at Delhi. 00 0:000 | 1906-07 0°000 0:000 
G. T, 8. At Beresford Memorial, St.| 1:8 | —57°176 | 1906-07 | —57°157 +0°019 
O Jemes Charch, Velhi. 7 
B. M 
G.T.S. At St. James Church,} 1:8] —68°262 | 1906-07 | —658°243 +0°019 
O Delhi. a 
G.T.S.At Mutiny Memorial,; 21 | —60°839 | 1906-07 | —60°819 +0°)20 
O Telegraph office, Delhi. : 
B. M. 
-G. T. 8. At Aeldney G. T. 8. Tower; 1:0 +29:992 | 1906-07} +29°995 +0°003 
O Station, Delhi. 
B. M, 
‘G.T.S. At King Asoka’s Pillar,; 1:2 +33°437 | 1906-07] +83°410 +0003 
O Delhi. 
B. O. M. on N, side of Mutiny 1-4 +34:941 | 1906-07| +34913 +0°002 
Memorial Tower, Delhi. 
B. 0. M. on E. side of Mutiny}; 14] +4984:222 | 19:6-07| +434:222 0-000 
Memorial Tower, Delhi. 
Q. T. S. Near S. W. Tower of Delhi! 1:6} —48116 ! 1906-07 | —48°151} —w-035 
O Railway Station. 
B. M. 
16 | —48000 | 1906-07} —48038  —0°038 


@.T.8. At 8. BE. Tower of Delhi 
au Railway Station. 
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TABLE lI—(contenued).—No. 1 DeracHMENT. 
Discrepancies between the Old and New Values of Bench-marke—continued. 


OBSERVED HEIGHT ABOVE (+) OR BELOW (Cheek Ori 
(—) STARTING BENCH-MARK AS final). The 
DETERMINED BY + poeta 


sign + denotes 


Descripti« f bench-marks of the original 5 = that the : 
**fevelling that were connected for" 7 height was te 
check-levelling. E es the + ? 
g . Original Date, levelli a + uaa | 
3% levelling. | 1912-13." ceicinalte | 
= 3 levelled. | 
Miles. Feet. Feet. Feet. 
G. T. S. At R. C. Church, Delhi. | 20 | —51'699 | 1906-07 | —61°700 —(0001 | 
O | 
B. M. | | 
G.T.8. At Lahore gate, Delhi 19 —64135 | 1906-07 | —6§4'131 +0°004 
Q Fort. | | 
B. M. e 
Check-levelling at Muttra, part of line 62 B ( Hathras- Muttra). 
Standard Bench-mark at Muttra. 0-0 0-000 | 1905-06 0-000 0-000 
G. T. 8. At Mattra Junction Rail- 03 +21°683 | 1905-06; +31°561 —0-022 
O way Station. 
e M. 
G. T. 8. At Dak bungalow, Muttra. 0-0 —7°487 | 1905-06 —7°604 —0'017 
0 r 
B. M. 


G@. 7.8. At Culvert at junction of | 08 +6°680 | 1906-06/} +5°690 +0010 
O roads, Muttra. 
B, M. 


G.T.8. At Muttra Cantonment; 1:4 | +13°527 | 1906-06| +18:529 +0002 
O Railway Station. 
B. M. 
G. 7.8. At Mottra Cantonment; 15] +18°785 | 1906-06; +13°712 | —0-023 
0 Railway Station. 
B. M 
Q. T. 8. At overbridge at S.end of | 21 +1°857 | 1906-06; +1864; +0007 
O Jumna bridge 
B. M. 


G. T. 8. At Nendof N. E.abutment; 2:4 +1619 | 1908-06 + 1°684 +0015 
O of Jumna bridge. 


B. M. 
Check-levelling at Murree, part of line 56 C (Rawalpindi-Murree). 
G. T.8. At Bock near Cantonment] 00 0°000 | 1910-11 0°000 0°000 
0) Magistrate's office, 
B, M. Murree. 
G.T.8. At Rock at St. George’s|; 98 —13°806 | 1910-11 | —13°799 +0007 
O Terrace, Murree. 
B. M. 


G. T.8. At Bock at Holy Trinity| 04 +7°989 | 1910-11 +7:994 +0006 
O Church, Murree. 


B. M. 


G. Ge At Rock below Lady} 08); +106116 
Robert’s Home, Murree. 


1910-11 | +106°180 | +0015 


B. Me. 
O At Rock near drain No. 26.| -16 | +16°601 | 1910-11) +15°625 | +0-024 
» No. 27. —3-491 | 1910-11; —3°474] +0017 
O 
B. M. 
G. i g. At Rock between drains; 28 —137°917 | 1910-11 | —137°947 | —0-030 
Nos. 44 and 45. 
B. OM. 


G.T.8. At Rock between drains} 1:9 | —380°700 | 1910-11 | —$80°691 +0-009 
O Nos. 540 and 541. 
B. M. 


a i 


cop) 2 
w 
a | 
wm Re 
c C 
co 
—" 
ay 
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TABLE II—(contsnued).—No, 2 DETACHMENT. 


Discrepancies between the Old and New Values of Bench-marks—continued. 


87 


OBRERVED HEIGHT ABOVE (+) 
OR BELOW (—-) STARTING BENCH: 
MARK AS DETERMINED BY 


Difference 


Description of bench-marks of the m 

original Jevelling that were connected starting a oe 

for check-levelling. pallies Original enack tie minn 
r levelling, levelling, lesa in 1912-13 

1011-12. 1913-13, than when 

originally 

levelled. 
Ne a 
Miles. Feet. Feet. Feet. 


Rumazyze. 


Check-levelling at Comilla, part of branch line 77-F (Gauhaté to Comslla and Chsttagong) 


-.T.8. At Comilla Dak bungalow 0-0 0-000 0:000 0°000 
a) 
B. M. . 
-@. T. 8. At Comilla Ratlway Station 0°3 +5°187 +6189 +0002 
O 
B. M. 
-G.T.S. At District Board Office, 13 +4°959 -+-4°952 —0°007 
O Comilla. 
B. M. 
+5578 +6°589 +0°011 


-G. T.8. At Kachahri, Comilla ; 1°4 
O 
B. M. 


Check-levelling at Brahmanbdria, part of branch line 77-I (Akhaura to Dacca and Faridpu: . 


-G.T. 8. At Brahmsanbaria Inspec- 0:0 0°000 | 0-0U0 0-000 
O tion bungalow. 
B. M. 
-@.T.8. On E. Home Signal at 0°2 +2°210 +3215 + 0°005 
oO Brahmanbéria Railway 
B. M. = Station. 
G. T.8. At Brahmanbaria Railway 0-4 +0°715 +0°721 +0006 
O Station. 
B. M. | 
G. 7.8, At Brahmanbaria Railway 04] +8974| +8871]  —0-003| 
Oo Station. 
B. M. 
G.T.8. On bridge opposite T. P.| 1°85 4+-4:434 +4436 + 0-002 | 
0 No. 235 | 
B. M. . es | 
G. 1.8. On bridge between T. P.] $11 +1°793 +1:773 —0-019 
O wee, 
pM. %*¢e7 
G.T.8. On bridge between T. P. 41 +0°690 +0711 +0021 


O 138 
pM. %* 686 
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TABLE Il—(continued).—No. 8 DetacHMENT. 
Diserepancses between the Old and New Values of Bench-markse—continued. 


OBsEBVED EXIGHT ABOVB (+) 
Ok BELOW (—) STARTING BENOH- Fiche 
MARK AS DETERMINED BY 


ougine,). 
he sigo + 
Distance 
Description of bench-marke of the from | ne ee Anes 
original levelling that were connected starting | sce sud RuMaxks. 
for check-levelling. bench- Original Checke hi yk 
aaa levelling, levelling, leas in 1913-13 
1911-12, 1912-18, than when 
originally 
levelled. 
Miles. | Feet. Feet. Feet. 


Check-levelling ot Henzcda, part of Provisional line 88 (Prome to Rangoon). 


Standard Bench-mark at Henzada_ . 00 0-000 0°000 0-000 
O On top of a masonry pillar | } 
: i ada N of ; sits f 0-7 + 3°202 +3°213 +0°011 
yaung Bvaung Pagoda, 
Heoida 
G.T. 8. Embedded at P. W. D. 0-0 ~-3°983 —3°935 —(r002 
O Inspection bungalow, 
B. M. Henzada. 
1911 
Iron plug in centre of masonry 0°1 +3013 +3°010 —0°003 
iilar opposite Henzada P. W. D. 
In napection bungalow. 
Tron plug in centre of masonry mile 02 +2°871 +2°888 —0°003 
pillar 8 
Iron plug in centre of masonry mile 1:2 +3°J46 +3°133 —0°013 
pillar 7. 
G. T.S. On zinc-plate on trank of a 1°7 —4'266 —4°263 +0°003 
O Siras tree 294 feet S. E. 
wee GER PS 
A r) 
Iron plug in centre of masonry mile 9-2 +3°567 +3°567 0°000 
pillar 6. 
Iron plug in centre of masonry mile 3°2 +3°902 + 3°908 +0°006 
pillar 5. 
Tron plug in centre of masonry mile 42 +4171 +4°167 —0°004 
pillar 4. 
Tron plug it centre of masonry mile 52 + 4°949 +4'947 —0°002 
piller 3. 
Iron plug in centre of masonry mile 82 +65°716 +5°717 +0°001 
pillar 2. 
ma ng in centre of masonry mile 7:2 +5:078 +6°080 +0:002 
pil 
Iron plug in centre of masonry mile 8°32 + 5°899 +5°882 —0°017 
pillar v. 
O On masonry pillar at 8°2 +6'258 +6°259 +0°001 
A Ngawan Inspection 
bungalow. 
G.T.S. Embedded at P. W. D. 8°3 +1°956 +1941 —1'016 
O Inspection _ bungalow, | 
B.M. Ngawun. | 
1911 
Check-levelling at Pegu, part of Provisional line 87 (Elephant Point to Myitkyind). 
Original 
levelling, 
909-10. 


? 


Standard Bench-mark at Pegn 0-0 0-000 0:000 0-000 
’ 


B. O. M. On N. parapet of Culvert 0-0 +1:072 +1:083 +0°011 


90 feet from above 


BM. 
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TABLE II—(conttnued).—No. 3 DeticuMENT. 


Discrepanctes between the Old and New Values of Bench-marks—continued. 


Oxsz3VED HEIGHE ABOVE Difference 
(+) om sELow (—) sraRrine (Check : 
Distance | sBwom-MARK AS DETEBMINBD By | 241). The sign 
Description of bench-marks of the orig inal from + denotes that 
evelling that were con starting the height was 
for cheok-levelling. bench- and 
— Original —_| Check-levelling in 108 than 
levelling, 1900-10., 1912-13, "| When augtoally 
Miles Feet. Feet. Feet. 
G. T. S. On extreme 8. end of plat- 09 +-1:718 4+1:694 —~0°124 
O form at Pegu Railway 
B.M. Station. 
G. T.S. On platform, in front of 08 +1°854 | +1°861 :0° 
O main exit, let and 2nd oar 
B.M. class passengers, Pegu 
Railway Station. 
G@.T.S. On centre of platform, 09 +1°787 +1°799 +0012 
0) about 2 chs. N. of station 
B. M. building at Pegu leail- 
way Station. 
On Saag tant A ae 4 che. 0-9 +0659 +0°687 +0028 
oO N. corner of 
Pega "Railway Station. 
G. T.8. On N. end of platform on 1:0 +1911 +1°919 +0°008 
0 Mandalay line of Pegu 
B.M. Railway Station. 
O OnN. Distant Signal base, 1°6 — 0°754 —0°738 +0016 
B.M. Moulmein line of Pegu 
Railway Station. 
Rail embedded in Masonry pillar 13 -+ 23-930 +24°001 +0071 
near 1 mile 4 furlongs. 
B. O. M. s. a ge of ccalvert 2°0 —3°317 —3'314 +0°003 
P, 2 mile 2 
G. a ish ae peer: of rs 6°38 —8'682 —&°570 +0°062 
o P. W. D., 
L. M. D. O.’s office, Thanatpin. 
G.T 8, Embedded at P. W. D.,S. 6°8 —10°591 —10°536 +0°055 
- D.O.'s office, Thanatpin. 
B. M. 


RuwaRxs, 


Check-levelling at Prome, part of Provisional line 88 (Prome to Rangoon), 1911-12 


Standard Bench-mark at Prome 


A On plinth of Municipal Tank 


House, Prome. 
D. P. W. At 8. W. corner 
RB. L. 98. of compound 
ge ped = Assistant 
per ngineer's 
Roads Divition house, Prome. 
O On rock 812 feet from 


B. M. 


M. P. 177. 


G. T. 8. On trunk of Siras tree 362 


B. M. 


feet from F. P. —— zh 


G. T. 8 On rock 228 feet N. E. of 


O 
B. M. 


173 
F. P. = 


0-0 


0°000 0000 
—18°168 | —18°142 . 
-- 25°8389 —25°803 

+68°240 + 5°286 
—22°892 — 22838 
+12°990 +18°055 


0-000 


+0°021 


-+0°036 


+0°047 


+0°054 


+0°065 
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TABLE II—(concluded).—No. 8 DetacHMENT, 
Discrepancies between the Old and New Values of Bench-marks—concluded. 


Difference 
OBSERVED HEIGHT ABOVE (Check-origi- 


| (+) om BELOW (—) 6TARTING : 
nal). The sign 
Distance | BENCH-MARK AS8 DETERMINED BY | + denotes that 


Deseription of bench-marks of the original from ; 
evelling that were conuccted startiug a ay a RemakxEs. 
fur check-levelling. bench- we ; idee 
eee in 1912-13 thi 
Original | Check-levelling, — aged anally 
levelling, 1909-10, 1912-18, leveliod. 
Miles, Feet. Feet. 


Check-levelling at Prome, part of Provisional 88 (Prome to Rangoon), 1911-12. 


G. T. 8. On platform of outer signal 0'6 —23°709 —23°674 +0033 
O lever opposite 3rd class 

B. M. ——passenger’s entrance of 
Prome Railway Station. 


B. M 


| 
| | 
G. T. 8. On plinth of 8. W. return- 0'8 —23°769 — 23°723 +0°037 
0 wall of a skew bridge | 
B.M. 10 chs. N.E. or main | | 
entrance to Shwe Tshan | 
Daw Pagoda. | | 
| ' 
G. T. 8, On plinth of a rectangular 0-9 —18°454 | —18°417 +0°037 
O ouse, S.E. of Shue] ~ _ 
B.M. Tshav Daw Pagoda. | 
G.T.8. On trunk of tree 104 fect] 24! —65-5x6 | —5°531 +0°055 
O N. E. of Mile post 3. 
B. M. | 
G. T. 8. On trunk of tree 164 fect 3°4 +1°572 | + 1°626 +0°054 
| 
| 


O from Mile post 3. | 
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TABLE ITI. 


List of Great Trigonometrical Survey Stations connected by spirit-levelling, Season 1912-13. 


H&1enT (WN PERT ABOVE 
MEAN SEA-LEVEL BY Difference 
Nauk OF , STATION, Triangula- 
tion-levelling. 


RewaRxs. 


Feet. Feet. 


Height of new mark- 


Khemwala T. S., Great | 408°964* 409°261+ 
stone at ground floor. 


( +0°297+ 
| Indus Series 


Height of mark-stone 


Mahiwala T. S., Great| 428464 | 428:298t| —0°166} 
at yround floor. 


Indus Series. 


Dahera T.8., Great Arc| 844047 | 843:000 | —1°047 | Ditto ditto. 


Serias. 


Begarazpur T. S., Great| 815°626 | 815°009t|/ —0°617}|"#de remarks on page 69, 


Aro Series. height of mark-stone 
at ground floor. 
| Titaora T.S., Great Arc| 768°167 |Not observ- Ditto ditto. 
| Series. ed. 
No.1 Detachment | Saini T. 8, Great Arc| 776968 | 782000 | +5042) Ditto ditto. 
Series. 
Pirghaib T.S., Great Arc| 787°480 | 787°477+; —0°003}| Ditto ditto. 
Series. 
Pahera T. S., Great Arc| 700248 | 710:000| +9°762| Datlo ditto. 


Series. 


| 
‘Daur&s h. 8s. Kashmir| 5350°008 | 6366°000 +65°992 | Top uf mark-stone. 


Series. 


Reban H. 8. Kashmir| 6443°617 | 6449000 | +5383} Ditto ditto. 


Series. 
| 
| 
| 


\ Islamabad h.s., Kashmir | 6881-027 5883000 | +1°973 | Ditto  dicto. 


| Series. 


( Bijar Singh T. 8, East) +44:193; 46-07 | +1°947 | Foundation mark-stone. 
Calcutta Series. 


 Pakdiha T. S, East Cal-| +12:218 14| +1-782 | Upper mark-stone. 
: cutta Series. 


'Jhaudi T. 8., East Cal- +11°798 16 +3:202 | Ditto ditto. 
| cutta Series. 


Chandranath H. 8., Burma: +1162°089: 1156 +3°961 | Ditto ditto. 
Coast Series. 
No. 2 Detachment 4 


Ramdiha T. 8., Brahma-| +16°790 18°88 | +32-040 | Foundation mark-stone. 
putra Series. 


1 Paipara T. S., Brahma-| +23-077 24] +0°923 | Upper mark-stone. 
| putra Series. 

| 

Khankhanapur T. S| +24-291 37 | +32°709 | Ditto —_ ditto. 


Brahmapttra Series. 


~Gazitak T. S., Brahma- | “en "| +3172 | Ditto ditto. 


| putra Series. | 


® Value of new mark-stone. ; 
¢ Orthometric height as shewn in Volume XIX B of levelling operations. NY 


¢ Difference between old and new spirit levelled values. 
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TABLE IV. 
Differences between levellers. 
No. of detachment. Difference. 


a - ee © oe 


Line Amkhas- Multan 


Line Multan-Mahiwala 


Line Ambéla-Meerut 
Ditto 
Ditto ; 

Line Meerut-Delhi . 

Line Delhi-Muttra . ‘ 
Ditto 


Line Murree-Srinagar 


No. 1 Levelling Ditto 
Detachment. 

Ditto 

Ditto 


Line Srinagar-Islamalad . 


Branch Line  Islamabad- 


ee EE Se 
—'\ 


Pahlgam. 
Branch Line  Srinagar- 
Bandapur. 
Branch Line’ Srinagar- 
Shupiyan. 
Branch Line  Sriuagar- 


L| Sind Valley. 
(| Line Comilla-Chittagong . 


Ditto 
Ditto 


Ditto 


| Line Brahmanbaria-I)acea . 


No. 2 Levelling 4 
Detach ment. | 


| 


No. 3 Levelling 4 Line Pegu-Mékpalin 
Detachment. 


Ditto 

Line Dacca-Barisal . 
Ditto 
D:tto 


Ditto 
Line Henzada-Bassein 


Ditto 


¢ 
Line Prome-Taund wingyi . 


( Ditto 


At 


>? 


99 


a9 


3 


9) 


+ ] 


3) 


9) 


”? 


3) 


39 


99 


92 


3} miles or end of line 


42} PP] 99 
50th mile 
100th ,, 


9 


125¢ miles or end of line 


454 =, “s 
50th mile 
96th ,, 
50th ,, 
100th ,, 


150th ,, 


2] 


or end of line 


156} miles or end of line 


34th mile _,, 
153 miles ,, 
] 1} 93 99 


Fs +P) 9) 


20th mile _,, 


25th ,, 
o0th ,, 
75th ,, 
99th ,, 
26th ,, 
63rd ,,. 
40th ,, 
80th ,, 
122nd ,, 


167th ,, 
50th ,, 


120th ,, 
4\st_,, 5 
50th ,, 
112th ,, 


99 


or end of line 


or end of line 


or end of line 


or end of line 


or end of line 


[ Vou. V. 


First—Second. 


Feet. 
—(:005 


+0°U71 
—0°020 
—0°018 
—0°030 
+0°043 
+ 0°030 
+ 0°054 
+ 0°102 
—0°026 
—0°153 
—0'140 
—0:019 
—0-084 
—0-037 
—0-011 
—0-030 


—0:004 
+0°013 
+0°048 
+0:07] 
+0°035 
+ 0°106 
+ 0°032 
+ 0°042 
+0°048 


+0°077 
+0°052 


+0013 
+0°036 
+0:043 
—0°061 


Digitized by Google 


ae ere eee —— ll 


ROUGH DIAGRAM OF TRAVERSE 


( Not to Scale ) 
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Bamani Bach Mark 


H 


wit 


Girt 


PP.21 of K.P. 29d 


™ 
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APPENDIX. 


REPORT ON THE DELIMITATION OF THE BOUNDARY BETWEEN NEPAL 
STATE AND NAINI TAL DISTRICT. 
By Lisutresant A. A. CHasz, R.E. 
A. boundary commission assembled in February 1912 to lay down the 
boundary between Nepal and Naini Tal District. It was found that even if 


the boundary were correctly laid down in that year it would be almost impos- 


sible to lay it down in following years without the assistance of an expert as 
the boundary was a curved one and did not follow any feature on the ground. 


In former years it followed the main channel of the Sarda River but the river 


has since changed its course. 
It was decided therefore to alter the boundary to one of three straight links 


with a practically even exchange of territory in the alteration. 


The Survey of India was asked to lay down on the ground the three straight 
links as agreed to by both Governments onthe Map. As the straight lines were 
long, and as it was desirable that pillars erected on them should be accurately 
placed, so that if any were washed away the boundary could again be found 
on the ground by aligning flags from the nearest two pillars that might remain 
it was decided to run a preliminary traverse close to the proposed straight 
links, from the traverse stations of which points on the new boundary could be 
fixed. 

This preliminary traverse was started on the Ist November 1912. 

The Commission as noted in the margin assembled on 15th December 1912 


and it wus deci ee 
T. Carr, Deputy Conservator of Forests, Hal- ded that day that Liente 


.dwani Division. nant Chase should proceed, with the 


Gulab Rai, Extra Assistant Conservator of ° 
Forests, Piliphit !)ivision. 2 assistance of three Foresters, to cut the 


H.C. Ross, Special Forest Officer, Tarai and boundary 20 feet wide and erect pillars 


Bhabar Estates. at such distances apart as would ensure 
Lieutenant Busudeva Sharma, Banjanch Nay® , ree 
Mulya Forests, Nepal. intervisibility ; should erect such refer- 


rie na Chandra Shekar Uppeddiah, ence pillars as he thought advisable; and 

should make a survey of the boundary 

to provide for its location in future years; that the British Forest Officers 

should reassemble to inspect the boundary at the end of February 1913, when 
it was hoped that the work would be finished. 

It was now also decided that it would be convenient if the Nepal repre- 


-sentatives remained on the spot with Lieutenant Chase, so that if any points 


cropped up, he could settle them at once without having to refer to the 
commission. 

The preliminary traverse noted in paragraph 2 was not finished until the 
Ist January 1913; the interval, however, was utilized in laying out additional 
lines of traverse on which the survey would be based. 

On Ist January work on cutting the boundary was started and continued 
up to 7th February by which time a twenty-foot line was cut. 

The Commission assembled again on the 25th February and proceeded to 


inspect the new boundary. 


A *Khasra’’ of the boundary (attached) was then drawn up by Lieute- 
nant Chase, and submitted to the Commission, who accepted it as a true 
description, and agreed that for local purposes the new boundary would come 
into force from 1st March 1913. 
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Method employed in laying down the boundary. 


Four points A, B, F and G were 
shown.on the ground as being the ends of 
the three links agreed upon by the Com- 
mission in February 1912. 

These points were checked and found 
to agree with those depicted on the maps. 
agreed to by the two Governments. 

These four points were picked up in the 
preliminary traverse and values were 
obtained for their co-ordinates. 

A glance at the sketch will show that if 
A and B are the two terminal points of a 
straight line and A, C, D, E, is a traverse 

G line, A, C, D, and E being traverse 

stations, it is possible to select any point 

X on the line A B and find out the distance and bearing of X from the 
nearest traverse station, say D, by similar triangles. 

Thus we select on the map a point X, measure its distance on the map 
from point A to the nearest chain and then by similar triangles having ascer- 
tained the values of the co-ordinates of X we find out the distance D X and the 
angles C, D, X, and E, D, X. 

This procedure was followed right through. The distance D X was 
computed and then laid out with a theodolite on the ground and then the 
angles D, X, X’ and D, X, X” were also computed and laid out, the points X,. 
X’ and X” being marked by pegs, the distance XX’ and XX” being about 5 
chains. Points similar to X were given to the foresters about a mile apart with 
instructions to prolong the straight lines XX’ and XX” until they met similar 
lines being run by the foresters on either side. 

After the line had been cut through by the foresters it was necessary to 
check the positions of the pegs X to ensure that they had been placed exactly — 
in the line A B. A flag on the position of reference pillar No. 1 described in 
the Khasra had been placed in prolongation of the line B A, on high ground 
and visible from any point in the line B A, and with the aid of this Flag it 
was possible to line up all the pegs between A and B. 

In the case of links B, F, and F, G, as shown in the sketch, the lengths of 
the links being small, from any point in the centre of the link the ends were 
visible, and it was an easy matter to line up the pegs for Boundary Pillars. 

The preliminary traverse being good it was never found necessary to move 
the pegs X by more than 2 feet in order to bring them into line with the end 
of the links A, B, F, and G. 

The position of reference pillar No. 1 was found by trial and error, moving 
the theodolite until it was found to be in line with the points A and B. 

The positions of the pegs X were selected at such distances apart as would 
render them suitable as sites for boundary pillars. 

It was found that the foresters were not able to prolong and cut straight 
lines through the jungle for distances much over a mile; over this distance the 
linc was almost invariably deflected to one side or the other. 

In practice a 6-foot line was first cut until it met the line from north or 
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‘south and having ascertained that this was correct the line was broadened to 
20 feet. | 

The positions of the Boundary Villars from Nos. 1 to 9 as will be seen from 
the map, lie on islands in the river, and have been chosen so as to give a 
reasonable chance of most of them remaining for two or three years. 

It will be necessary, however, to have the forest line cleared every year 
and to re-erect any pillars that get washed away. 

The positions of such pillars on the ground can easily be located by lining 
up with flags on to the reference pillar No. 1 which is visible through a 
telescope from all points on the northernmost link. 

The pillars on the centre and southern links stand on ground that has not 
been inundated for many years and so may be said to be safe. 

The ends of these two links, however, are intervisible and re-erection of 
pillars is therefore a simple matter. 


Official description of boundary between Nepal State and the District of 
Naini Tal. 
PREFACE. 


The boundary between Nepal and the District of Naini Tal in the United 
Provinces lies in the midstream of the Sarda River until the latter bifurcates 
ata point #th mile south of the head works of the Tanakpur Canal. 

From this point the boundary runs south in three straight links to the 
site of the old Reference Pillar No. 27 erected by Mr. Cusson and is now 
marked by boundary pillar 17. 

In the description below these links have been termed the North, Centre 
and South links. The North end of the North link lies, as stated above, in the 
midstream of the Sarda liver and is marked by the point where the prolonga- 
tion of the North link cuts the midstream. The Southern ends of these three 
links are marked by boundary pillars 9,13 and 17. The Northern ends of the 
Centre and Southern links are marked by boundary pillars 9 and 13. Along 
these three links intermediate boundary pillars have been erected at an average 
distance of a mile apart, and these intermediate pillars are placed so as to be 
intervisible. The positions of the ends of the links were determined by a 
Boundary Commission which met in February 1912, and accepted by the 
Government of India in letter No. 337-F., dated 28th May 1912, to the Resi- 
dent in Nepal and by the Nepal Durbar in a letter from the Prime Minister 
and Marshal of Nepal, dated i4th March 1912, to Resident in Nepal. A refer- 
ence pillar No. 1 has been erected on the hills north of Baramdeo in prolonga- 
tion of the north link. This pillar is visible through a telescope from the 
south end of the north link, #.e., Boundary Pillar 9. 

Reference pillars Nos. 2 and 3 have been erected on the sites of Mr. 
Cusson’s reference pillars 38 and 39 to determine the position of Boundary 
pillar 9 which stands on an island in the Sarda River. Boundary pillars Nos. 
13 and 17 have been erected on the sites of Mr. Cusson’s Reference pillars Nos. 
33 and 27 and are safe from river erosion, 

The bearings given in the Synopsis are reckoned from the North rouad by 
East, south and West and the distances recorded are in Gunter’s chains of 66 
feet divided into 100 links of 7°92 inches. 

To guard szainst the pillars being damaged by animals a circular treach 
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5 feet wide and 5 feet deep has been dug round them. Boundary pillars 9, 13- 
and 17 are of the dimensions 10 feet high by 5 feet by & feet. Remaining 
boundary pillars are of dimensions 6 feet high by 4 feet by 4 feet. Reference 
pillar 1 is of dimensions 20 feet high by 6 feet by 6 feet. Reference pillars 2° 
and 3 are of dimensions 6 feet high by 4 feet by 4 feet. 

All pillars are made in stone or brick masonry as noted in the Synopsis. 
and their numbers are engraved on stone tablets let into the masonry. 

Note on the Preliminary Traverse.—The traverse was started from old 
Reference Pillar No. 27 (now rebuilf and numbered 17) with co-ordinates re- 
ferred to Sultanpur G, T. S. 

The values of these co-ordinates were those taken from the old map pub- 
lished in 1911 and the traverse was run in a series of circuits as shown in the 
attached diagram. All the old pillars on the boundary were picked up in this 
new traverse and their co-ordinates thus found differed from those given on the: 
map in every case from a few links up to 2 and 8 chains. 

The differences were not constant and it has therefore led to the conclu-. 
sion that the pillars were not built exactly over the pegs laid down by the 
traversers. 

It is suggested that the traverser drove in pegs oue year to mark the posi-: 
tion of the pillars and that some time afterwards the pillars were erected. 

As the jungle grows ina year up to 15 feet in height it is conceivable 
that the pegs were not found and that the pillars were built as near as possible 
to their true positions. 

In the demarcation of 1912-13 the pillars were built within a few days of 
driving in the pegs to mark their positions. 

In order to fix the survey geographically, a connection was made to a. 
G. T. S. intersected point Bamani Bagh of the North East longitudinal series ; 
page 412, and a connection was also made to p.p. 3 a pillar on the district 
boundary between Naini Tal and Pilibhit and p.p. 21 a pillar shown as R. p. 29 
on the Sarda River maps of 1911, picked up in the Tarai Main Traverse of 
1887-§8, page 5, together with connections to old B. P. 21 and old B. P. 19 
picked up on the Paranpur Tahsil main traverse of 1896, pages 56 and 57. 

An attached table shows the difference obtained by bringing the co-ordi-- 
nates of these to the common origin Sultanpur G. T. S. and it will be seen that 
the differences are not constant and it has therefore been thought advisable not- 
to insert the Graticules on the 2inches=1 mile map drawn for publization. 
this year. : 
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MAGNETIC SURVEY. 


No. 18 PARTY, 
(Fide Index Map 11.) 
By Captain R.H. THomas, R.E. 


The present report deals with the work of the magnetic survey in 1912-13 ; 
if comprises :— 
I. An account of the work in the field 


PERSONNEL. 


Imperial officer. 


Captain R. H. Thomas, R.E., in charge. and recess quarters. 
Provincial officers. If. A note on the observatories during 
Messrs. H. P. D. Morton, R. P. Ray, N. R. 1912-18. 


Mazumdar and R. B. Mathur.  Tabl f Its includi 
pian Sulondi vate Servite III. fables of results including :— 


Mr. B. B. Shome, from Ist July 1913. («) Preliminary values of the mag- 
Tawar Subordinate Sovvice. netic elements at field and repeat 
19 Recorders, Surveyors, etc. stations. 


(6) Diurnal variation and inequality of the magnetic elements at each 
of the four survey base stations. 
An index chart showing tle progress of the magnetic survey is appended. 


I.—FIELD OPERATIONS AND RECESS WORK IN 1912-13. 


1. Work of the field detachments.—The field season opened on October 
23rd, 1912, and closed at the end of April 1913. 

The health of the party was on the whole satisfactory, but one Provincisl 
officer was invalided from the field, and at Barrackpore observatory both the 
observer and recorder had to be relieved owing to severe attacks of malaria, 
which is always prevalent in the rainy season. 

Two field detachments each under a Provincial officer were employed part- 
ly on detail survey and revision of the work of the first field season (1901-02) 
and partly on observations at repeat stations. 

The revision work was taken up chiefly because there is some considerable 
uncertainty as to the correct values to be assigned to the magnetic moments of 
the field magnets during this first field season, no comparisons of instruments 
having been made until the beginning of the following season when consider- 
able changes of moment were found in some cases to have meanwhile occurred ; 
there were also changes in the values of P and Q in each instrument which 
cannot be satisfactorily determined owing to the small number of observa- 
tions; and finally only one observatory, viz., at Colaba, was working so that 
the corrections for diurnal variation and disturbance are somewhat un- 
certain. 

2. Field work of the officer in charge.—The officer in charge inspected 
Rarrackpore and Toungoo observatories where comparisons of instruments were 
made, visited several repeat stations and carried out a preliminary magnetic 
survey of Ceylon. 


, 
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3. Feld work during 1912-13 and total work to date—During the field 
season full sets of magnetic observations were made at the following :— 


58 repeat stations, 
19 oldstations, revised, 
42 new stations in Ceylon, 
3 new stations in India, 
20 detail stations in Central India. 
The total work of the magnetic survey to date inchides— 
1,401 stations of the fundamental survey. 
371 detail survey stations. 
73 repeat stations. 


Under repeat stations are included observations at the old field stations 
which were marked by pillars in 1910-11; these number 50 and with the 
original 23 repeat stations make 73 in all or 1 repeat station to 20 stations of 
the fundamental survey. 

It is intended to ‘re-occupy these stations, with the addition of others as 
may be found desirable, every year or every second year according to the 
means available. 

4. Work during recess.—'The computation of the field work and the re- 
duction and tabulation of the results from the base stations for 1912 have been 
completed. ; 

This year, for the first time, the tabulations are based on the measure- 
ments of all available days instead of qnly five quiet days per month as 
heretofore. 

Good progress has been made with the reduction of the declination data of 

the survey, upon which one section under 

Reduction of the declination data. a provincial officer has been engaged 

throughout the year. 


Corrections for diurnal variation have been applied to all observations up 
to 1912 ; corrections for disturbance have been also computed for each obser- 
vation from each of the four survey base stations for the same period. The 
latter corrections are for the most part small and of the same order of magni- 
tude as the observational error, but the signs often vary so that the total range 
may be two or three times this amount. It seems unlikely that any simple law 
can be found to connect the computed disturbances with geographical co-ordi- 
nates, at any rate when dealing with one magnetic element only and such 
limited investigation as was warranted by the small magnitude of the computed 
corrections confirms this view ; corrections will be therefore applied as found 
from the nearest observatory or observatories. 

The investigation of the instrumental differences in H. F. has been 
practically completed, but before finally 
accepting the conclusions arrived at, it 
has been decided to carry out an extended comparison of all the survey instru- 
ments using different thermometers with each instrument and interchanging 
observers; the moment of inertia of all the magncts will also be carefully re- 
determined. This work has been unavoidably delayed for several months owing 
to the chronograph at Dehra Din being out of order. Further investigation 
has shown that the views expressed in the report for 1910-11, regarding possible 
changes in the distribution coefficients, require some modification; in one case 

oF 2 


Instrumental differences in H. F. 
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an undoubted change in P and Q equivalent to a change in H F of 7y occur- 
red without a concomitant fall in the magnetic moment; this change is shown 
by the observations at 22°5, 30 and 40 cms. but had previously heen overlook- 
ed, when changes of P and Q were only expected when large falls in m, oocur- 
red, as the change occurred during the last season in which the instrument in 
question was used. 

The instruments of the De Filippi expedition were compared with the 

| Dehra Din standards early in September 

ara ale fee isr sierra ™" 1918. Both sets of instruments were 

found to agree well in declination and dip, 

but the results in Horizontal Force were unsatisfactory owing to defects in the 
De Filippi magnetometer. 

5. Programme for 1913-14.— During the ensuing field season field work 
will be confined to observations at repeat stations for the determination of 
secular changes and comparisons of instruments at observatories; this work 
will occupy one detachment for the whole field scason, the other for two to 
three monthlis. 

The detail survey will be discontinued for the present and the available 
strength of the party will be employed on the reduction of the data already 
accumulated; the detail survey can be subsequently continued if considered 
desirable. 

6. Results published in this report.—Tables showing the approximate 
values (uncorrected) of the magnetic elements at the field and repeat stations in 
1912-13 are appended together witi an index chart showing the progrcss of the 
magnetic survey to date. 

~ The tabulation of the results from “all available days” at the four survey 
base stations are published for 1912. 


II.—THE OBSERVATORIES IN 1912-13. 


A.—Deura Dtn OBSERVATORY. 


1. The observatory remained in charge of magnetic observer Shri Dhar 
until the beginning of July 1913 when he proceeded on leave, being relieved 
by Mr. R. P. Ray. 

The H. F. and declination magnetographs have worked well through- 
out the year; the V. F. magnetograph is still somewhat unsatisfactory ; 
some further adjustment in the relative positions of the knife edge and agate 
plane scems desirable as this has been found beneficial in the other 
instruments. | 

The two absolute houses were thoroughly repaired during May and June 
1918 and roofed with ruberoid. 

2. Mean values of constants.—The table below gives the mean monthly 
values of magnetic collimation, the distribution co-efficients P,, and P,, and 
the observed and accepted values of m, used in the computations for 1912. 
Included in the table are the monthly mean values of m, as determined using 
the chronograph for the vibration observations; the range in tbese values is 
somewhat larger than was expected but the means are derived from at most 
observations on two days and experience with the field instruments has shown 
that this is insufficient for a satisfactory determination. 


Vou. V.] MAGNETIC SURVEY. 101 


Mean values of the constants of the magnetometer No, 17 tn 1912. 


H. F. CONSTANTS. 


Dzcriiwatiow 
CONSTANTS. 


Mzaw VALUES OF P’s. | MuEay VALUE OF mo. 


REMARKS. 
Moyrras, 
Accepted | Accepted wa i 
Mean magnetic Pp value of | value of | By eye By chro- 
collimation. 1-3 and ear. | nograph. 
1-3 2-3 
a a a a ey ee 
January . —9's 28” 714 893°05 | 893:°35 | 
February —9’: 26” 7°18 893°32 | 898-27 | 
March —9’: 22” 7°24 | 892°83 , 893-27 
April —9’; 22” 7°21 892°73 
May . —9': 20” 7°21 3 3 892°46 $ 
° ° 8 
June . —9:21" | 7-15 tw | & | go24s : 
July . — 9°: 24” 7°39 FE EB 892:98 | 898718 i 
i 
August — 9": 24” 745) 702) & a 89290 | 893:18 3 
oO 
September... —9’: 28” 7:24 7°63 892°76 | 898:14 | 
October —9’: 25” 7°26 7°64 892°98 | 893:26 : 
November . ‘ —9’: 20” 7°28 7:67 §92°93 | 84880 
December . . —Q9’: 24” 7°22 7°85 893°08 | 893°35 


3. Mean Base line values.—The table below gives the monthly mean 
values of the declination and H. F. base lines actually used to obtain the values 
of H. F., eto., in the tables attached to this report. 


Base line value of magnetographs in 1912. 


DxrciivaTiox. Hontzonrat Foros. 


Monrzs. 
Mean value of Accepted Accepted 
Base line. ne. Base line. RuMaRxs. 
(-) s ° o 
January : : 1: 45°1 1: 45° *83010 
February ;: : 1: 45°1 1: 451 83012 


March. P : 1 : 45°2 1 3: 45°2 


April. : : 1 : 4h°4 1: 45°4 83013 - 83013 |The §Magnetogrr phs 


were dismantied on 
83018 May 22nd for repairs 
to the observatory. 


from llth June 


May . : . 1: 45:5 1 : 45°65 


June. ‘ : 1: 830°2 1 : 80°32 
Joly . . «| 12:804]) 1: 804 
August . ° ° 1: 806 1 : 80°6 
September . : 1: 80°7 1 : 80°7 
‘October . . . 1 : 808 1: 808 


*32892 


) 
| és 
°82838 | to 15h on 25th Oct- 
| ber. 
J 


Palling rapidly. 


November * 3 13811 1: 81] 


to October when the H. 
December ; ‘ 1: 806 1: 806 


"32916 | F. instrament was 
readjusted. 


| ‘82937 | From 16b on 26th 
J 


4. The mean scale values for 1912 for an ordinate of 1-25 inch were as 
follows :— 
H. F. 4°12y to May. 
4°52y from June 10th to October 25th. 
4477 from October 25th. 
D. 1:03. 
V.F. 4°20 to 651y. 
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A new quartz fibre was mounted in the H. F. magnetograph on June 10th, 
and the torsion head was turned on October 25th. 

The mean temperature for the year was 27°.0 C with maximum and 
minimum values of 27°.2 C and 26°.9 C. The temperature of reduction 
is 27°.C, 

5. Mean monthly values and secular change, 1911-12.—The following table 
gives the mean monthly valucs of the magnetic elements for 1911-12 and the 
secular change during that period. 


Secular changes at Dehra Diin in 1911-12. 


Horizoytat Force Drecuination Dip Verticat Force 
*33000 C.G.8. + E. 2° + N, 43° + "32000 C.G, 8. + 
MONTHS. 
1911 1912 iSeetiee 1911 1912 Secular 1911 1912 Secular 1911, 1912 Secular 
. ' | change. : * | change. : * | change. * | Change. 


ra ee | a 


January ° «| 240 | 224 | —16 | 30°5 


February. -| 238 | 225 13 | 30:2 
March . | 246] 226] 20 | 803 
April . 3. | 241 | 224] 17] 300 
May . «. «| 243) 220| 28 | 295 
June.  w-—ti(‘“ tC | 284] 28 | 293 
Juy . oo. . 243} 226| 17 | 290 
August . .| 241; 212 29 | 28°8 
September . .| 235; 214] 21 | 28-4 | 


October ‘ ‘ 229 208 21 28'3 
November. | 231 | 209 22} 28:0 
December : .| 222 203 19 | 27-6 


Means ° .| 238 | 218 | —20] 29°2 


EN Series Seen eee eee 
B.—BARRACKPORE OBSERVATORY. 

1. Magnetic observer K. N, Mukerjee remained in charge until early in 
October 1913 when he proceeded on sick leave. The observatory is extremely 
unhealthy during the rainy season when malaria of a severe type is prevalent ; 
during this year the whole of the observatory staff were in turn incapacitated 
from duty. | 

The declination and H. |’. magnetographs worked well during the year 
while the vertical force instrument was much more satisfactory, the changes in 
base line which are inevitable in this class of instrument being much more 
uniform. 

2, Mean values of constants.—The following table gives the monthly 
mean values of magnetic collimation, the distribution co-efficients of P ,, and 
P ,, and the moment m, of the observatory magnetometer in 1912. 
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: Mean of the Constants of the magnetometer No, 20 tn 1912. 
dl 
DrorimartTiow 
Constants. H. P. CONSTAN TS. 
Momrus. Mzam vaLuas oF P’s. Rewaaxs, 
Mean oT Baltes oe F 
magnetic teal A ed acs 0 ccepte 
colimation, | 5 | gy Anata? | Accntet | ms | mg 
| 1-3 2-3. Pp pP 
1-2 2-3 | 
| — | 
January - ef —8': 0% 697 7-57 939°87 | 
February . F —7 : 61 6°98 7°47 939°57 | 
March . . ‘ —7: 47 6°84 7°50 939°63 
April : ‘ | =F: 47 6°80 7°37 939-80 
May | 7:48 | 686 | 7-56 _ | 93982] 4 
we) = ° 
June : | —7 : 46 6°89 7°53 8 8 940°07 © to 
io) to | 
July ; ° | —7 : 43 6°86 7°50 8 5 939°59 | E: 
| ves re ~) 
August . ‘ | —7 : 47 6°95 7°28 3 746-01 | = 
| =) & | 3 | 
September ‘ ‘ -—7: 50 6°92 7°42 93°90 ! | 
| | 
October : | —7 3 45 | 6°91 7°22 939°79 | 
November ‘ : —7: 47 701 7°21 940-27 
| ‘ 
December -7;3653 | 689 | 7:36 939-77 


3. Mean values of Base Lines.—The table below gives the mean monthly 
base lines of the declination and H. F. instruments used in the computations. 


Base line value of the Magnetographs in 1912. 


tee 


DECLINATION. Hoxgizontan Force, 
MonNrTHs. Pian tk eee (alias Oo | 7 
Mean value Base Mean value Base 
° line REMARKS, of line RaMaRrxs, 
é Base line. accepted. Kase line, accepted, 
6 s ° o 
January . . . -—0:39 | ° 37080 °37000 
February. .  . -0:39 —0:39 37002-37062 
\ 
March = sg. ‘ : -0:3°9 37061 37061 |Up to 22nd 
March. 
April ' . —0:42 37072 =|) From 23rd March. 
May ‘ ; : -0:41 °37083 | °37063 
| eo. at 
June 3 ‘ f —0:41 | °37083 | “37094 
| 
July .  . : —0:42 37095 J 
August. ‘ : —0:41 | —0:41 ‘87084 | °37095 
September ? ‘ —0:4°1 | “37094 | *37095 
October ee 37093 | 
| 37094 
November é . —0:4°1 °37084 to 
| 37078 
December , ‘ -0:41, 37078 


4. Mean scale value and temperature range.—The mean scale values for 
the year for an ordinate of 1/25 inch were :—H. F. 4°86y V. F. 4°64) and D. 
1:03 minutes. The mean temperature for the year was 31°6 (© with maximum 
and minimum monthly values of 32°°8 C and 30°5 C: the temperature of re- 
duction is 31° C. 
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5. Mean monthly values and secular change.—The following table gives 
the mean monthly values of the magnetic elements for 1911-12 and the secular 
change during that period. 


Secular changes at Barrackpore tn 1911-12. 


Horrzonta, Force Dzo.iwatiox 
? E. 0°+. 


VartTioxt Force 
‘37000 C. G. B+. : 


Dip 
N. 30°+. 22000 C. G. 8+. 


MourTzs. 


Secular 1911. 


Secular 
change. i9lz. 


Secular Secular 
1913, 1911, 1913. 1911. | 1912, change. 


2811. change. change. | 


Y | Y 
January , .| 821] 854 + 108 
February. | 827] 861 102 
March . ° -| 839] 365 090. 
April . ~| 836 | 369 099 
May . ; -}] 8385] 873 112 
June . : -| 842] 876 097 
July . ° -| 837 | 9873 105 
August. . «| 336] 369 092 
September . -| 8384] 872 93 
October . -} 835 | 871 | 91 
! 
November . -| 346) 870 85 
December . «| 351 | 9874 86 
Means . ‘ : ee eo ate ae 


C.—Toux@oo OBSERVATORY. 


Y. Surveyor K. K. Dutta held charge of the observatory throughout the 
year. 

The H. F. and declination magnetographs have worked well throughout 
the year; the readjustment of the V. F. instrument referred to in last year’s 
report has also proved satisfactory. 

2. Mean values of declination and H. F. constants.—The table below 
gives the mean monthly observed values of magnetic collimation, the distribu- 
tion constants P,, and P,, and the magnetic moment m.. 

The change of collimation in December is due to the replacement of one: 
of the aluminium cells of the collimator magnet; the lens of the old cell had 
become almost opaque owing to decomposition of the cement joining the two. 
portions of the lens and it is probably to this cause that the previous fluctua- 
tions of the value of collimation are to be ascribed. 

The new cell necessitated a redetermination of the moment of inertia; 
the new value ‘agreed with that deduced from comparisons with one of the- 
field instruments before and after the change. 
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Mean values of the constants of the Magnetometer No. 19 tn 1919. 


DuozrNation 


| —9 : 21 (2) 
| 

3. Mean Base Line values.—The following table gives the mean monthly 
values of the observed and accepted values of the declination and H. F. 
magnetographs. 

The observed values of H. F. base line require a correction of —19y to 
reduce them to magnet 19 which was in use in the earlier years of the 
observatory. 

The remaining differences between the observed and accepted values of 
the H. F. base lines are undoubtedly due to indifferent observations ; it is prob- 
able that the vibration observations are chiefly at fault and that the observed 
mean values of m, are burdened with variable “ personal errors.” 

The accepted Base lines have been derived from comparisons with No. 10 
in December 1912 and 1913 and for the present the change during that period 
has been accepted as uniform. | 


T. 
(2) From 18th Decem- 
ber. 


| cowsTaNrs. H. F. CONSTANTS, 
Mowrus, | Muaw vaLuns oF P's, Rewaaxs. 
Mean 
tl A ted] A Mean Accepted 
collimation, P Value of seed at Bt, 
| a Pis | Pos. 
" 
January . : | —2 : 27 8°39 886°56 | 886°56 
February . : ., —2 3 68 8°44 88507 
March . . «| —8:10 8-41 | 885:26 | } 88515 | Up to 7th May. 
April | —8: 1 8:41 885:08 j 
May —2 : 65 8°42 885°00 | 
June F , —3:10 8°46 r 834'89 
| Sed 
July |) 8:18 8:38 8 3 | 884-69 | }884-87| From 9th May. 
| B ep 
; - $8: 24 8°41 884-90 
August | FE: g 
September. ‘ —3:26 | 838 eS 3 88481 | J 
S y 
October . —3 :21 8-31 | ° | 884-62 | 984-62 
November , | —3 325 8 33 88447 
- | | {over 
December ; | —3 :37 (1); 831 | 884'47 (1) Up to 12th Decem- 
| 
! | 


Base line values of the nagnetographs in 1912. 


DsoLinaTIoN, Hortgonrau Foros. 
pats a 
MoywrTns. 

Accepted Mean value of Accepted 

Baso ine. Remarns, Base line. eo line, REM sBKs, 
Seat Seat Se es 
January . ; 
February ‘ 


March . ‘ ; 


April ; ° : 


—0: 29:'7 | Upto 14h on 21st. 38463 
on 21st. 


M ay r e ° 


—0 : 81:0 | From 15h 


—0 : 32°4 | From 8 h 30m on 24th. 


—Q ; 31°6 | From 11 h 24m on 3st. 


nen. 28 sw 8CeE se 
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Base line values of the magnetographs tn 1912—continued. 


RC I 2 I EI IT II I IED EE ILE LDL 


DECLINATION. Houtzoystay Forcs. 
MomrEs. ~~ 
Eis Rwancs, | Megnrilusot | feverted Bawasee 

June . " ‘ 
July ; . . | 38464 "38445 
August . | ‘38168 ‘38442 
September : +—0 : 31°6 "38472 88440 
October . ‘ | | "38465 "38.137 

| 384135 


November - ‘ | 38478 
| 


December 


4, Mean scale values and temperature range.—The mean scale values 
throughout the year for an ordinate of 1-25 inches were :— 
H. F. 5:43 
V. #F. 4°01 to5-707 
Declination 1:04 minutes. 
The mean temperature for the year was 89°°2 F. with maximum and mini- 
mum monthly values of 89°5 and 88°-9; the temperature of reduction is 89°F’, 
5. Secular change 1911-12.—The annexed table gives the mean monthly 
values of the magnetic elements for 1911-12 and the secular change during 
that period. 


Secular changes at Toungoo in 1911-12. 


December . .| 861 | 907} +46] 165 107 


ee ee el 
——— 


M9000) CG. 8.4 oon Ne a8 + “70000 CG, Bo 
sour. | ora. fSecrlar| aon, | roi, | Seenler | ron, | 1019, | Giauges | 1021 | 191s habia 
-_ ‘ 7 ‘ a | : ? : : | aa 7 1 

January . «| 888 | 863 | +80 | 21:8 162 —56| 24 | 26| +02) 515! 531 +16 
February . «| 886 | 873 | +87 | 21° 15°7 66 | 25 : 29| +04) 519| 540 21 
March... té« 849 | 880 | +81 | 212 | 15-1 | 61 | 26| 271 +01) 525) 540 15 
April .  . «| 848 | 878 | +380] 207 | 14:5 62) 27 ! 2-7 0-0 | 526] 5389 18 
May . . «| 845| 878] +33| 200 14:2 - 58} 3-0 | 29} —O1] 628) 541 18 
June. . ~—«-- |:« 888 | 896] +88] 197 138 | 59 | 38 , 26| —O7| 638| 544 6 
July . «© «| 860] 901] +41) 190 188 57 | 82 3-2 0-0 | 637 | 554 17 
August . «| 858]. 891] +38] 185 ; 12°8 671 380 26| —O4| 584) 648 ry 
September . .| 856 | 896 | +40] 181, 121 60| 27! 25] —02 | 630/ 548 18 
October . «| 860] 901; +41} 176 118 68| 38) 27] -1l1] 546/ 548 2 
November . .| 866] 905} +89, 17:0 | lil 5°9 3°7 41 +0°4 |} 543 | 569 91 


Means . ‘ .| 858 |} 889 +20 | 19°3 13°4 
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D.—KopalxkANAL OBSERVATORY. 


1. 8. 8. Ramaswami Iyengar was io charge throughout the year. - 

The magnetographs have given good results during the year, 

Thanks are due to the Director, Solar Physics Observatory, for his cordial 
assistance in all matters connected with the magneiic work. 

2. H. F. and declination constants.—The following table gives the mean 
monthly values of magnetic collimation, the distribution constants P,., and 
P,.; and the accepted values of the magnetic moment m,. 

_ The change in m, after the 29th Febrnary altered the values of the colli- 
mation and the distribution constants. 


Mean values of the Constants of the Magnetometer No. 16 sn 1912. 


Deorima- 
Cone H. F, CONSTANTS. 
STANTS, 
Moxnrus, Muaw vaLuze or P's. Eemasxa, 
aaa tie - Accepted 
colfima- Aocepted | Accepted Me. 
tion, P ie P ss: value of value of 
| | 
| 
January ° e e -—2: 37 6:98 8:)2 | 917°36 
~ 99 (1) Up to 28th Feb- 
| (1) ruary. 
February ° . . : : 34 6°94 8:35 1) 917°36 
March —3:18 6:79 8°48 |) 7 § 
| § 
April —§3 ; 35 673 8°56 3 
| a 
° 
May —3:41 6:74 820 5 3 
¢ || 28 
June —8 ; 27 6°75 8°45 3 oo 
vs) ad 
ae 
n De 
July .  .« . - —3: 25 6:78 8°48 aI pe 
=F 
| ane 6-68(,) 5 Fa a (2) From 29th Feb- 
August —3 : 80 6°62 821 tee ruary. 
| pc 
Reptember —3:82]| 655] 8:30 | Jed 
October ; : . 7 : 28 6°72 8°54 | } 
November = 33 6°75 8°38 885° 49 
| 
December —3: 31 6°76 8:20 |) : 


3. H. F. and Declination Base line values.—.The following table gives the 
mean monthly values of the accepted base lines used in computing the 
monthly values. 

Both H. F. and Declination magnetographs were adjusted on 28th 


February 1912. . 
P2 
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Base line values of the magnetographs én 1912. 


Dgo.ixaTion. Hoxzisowrat Foxos. 


miso | Eigicat | mean) pee | em te mma 
Jenusy .. : : 33°2 | 86936 
February . -| 1: 831 36986 | To 8h on 28th February. 
March ° «| 1: 68°6 os ; 37190 | From 9h on 28th Feb- 
April 1:685| # c -97190 | Both the H. F. and Decli- 
May . ‘ 1: 58°6 2 s ‘37191 |. aad era or 
June. 1: 58°6 2 P | 37191 Perey ee 
Judy  . «| 1:68 2 8 ! 37192 

S 

August . 1:588| ¢ § : 37192 
September 1:584/ 2 § , 37192 
October . «| 1:587/] % .Y | -37193 
November -| 1: 68°7 , 87193 
December . -| 1: 6865 | | 37193 


4, The mean scale values for 1912 for an ordinate of 1-25 inches are:— 


H. F. 6° l4y 
6:01ly after reatjustment on 28th February 1912. 


V. F. 4°97 to 5344 
Declination 1:03 minutes. 

The mean temperature of the H. F. and V. F. magnetographs for the year 
was 18°2C with maximum and minimum monthly values of 18°7C and 17°:7C: 
the temperature of reduction is 19°C. 

5. Secular change 1911-12.—The table below gives the monthly mean 
values of the magnetic elements for 1911-12 and the secular change during 


that period. 


Secular changes at Kodatkanal én 1911-1912. 


HouizorwtTaL Fokcr 
"$7000 C. G, 8. + 


Secular 
change. 


Secular 
1911. 1913. change. 


1911. 1912, 


-| 7 7 9 

January : .| 504} 681] +27 
February 498 | 640 42 
March . . .| 511 | 586 24 
April . . .| 508 | 582 24 
May . : .| 607 | 529 22 
June . : .| 512) 589 27 
July . ‘ .| B15 | 544; 29 
August : .| 619 | 544 25 
September. -| 528 | 551 23 


October  .| B26| 655] 29 
November. .{ 830; 559 29 
December . «| 527| 558] 81/ 62:9 


eee} -- 


53 
62:5 47 ! 5°4 
| 55 | 55:3] 62-0 6°8 


S 


eed 


Means ° .| 515 | 548 | +28 | 60:2 655 +56 | 520) 691] +71 


nnn 
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III.—TABLES OF RESULTS. 
A. Mean values of the magnetic elements at the observatories for 1912. . 
B. Classification of curves and dates of magnetic disturbances in 1912. 
C. Preliminary values of the magnetic elements at field and repeat stations in 1912-13. 
D. Tables of results at Dehra Dan. 


E. . ‘i Barrack pore. 
FP. . 5 Toungoo. 
G. ‘5 ‘3 Kodaikanal. 


For each observatory the following tables are given :— 
(a) Hourly means (corrected for temperature) of Declination, H. F., V. F. and Dip 
from all available days. 
(6) Diurnal inequality deduced from (a). 
H. Index map showing the progress of the magnetic survey to date. 


A. 


Mean values of the magnetic elements at observatories tn 1912. 


*87369 


88889 


Se vzeehe 2fese Ae 2 
a ee es Ol 


37543 02616 
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‘C.—Abstract showing approcimate magnetic valucs at stations observed at by No. 18 Party 
during season 1912-13. 


Firip Stations. 


Horizontal 
aie Nams oF Stariow, Latitude. Longitude, Dip, Declination. Force, Rum sazs, 


NEE ee ee, eee, a EEE ere eee 


1867 | Bentota 6 2 50/80 0 10/8. 6 4|W. 2 7| oases 
1358 | Galle 6 1 560/80 12 lu| , 6 1] ,- 2 12 3803 
1359 | Matara . .| & 67 50/80 83 lO| , 6 13], 28 ll 3804 
1860 | Deniyaya . 6 21 2/80 83 40| » 5 17], 2 12 3813 
1861 | Ambalantota .| 6 7 10/81 1 4], 5 |, 2 9 3811 
1862 | Yatiyantota .| 7 2 0/80 17 20] , 8 36], 2 O 3847 
1363 |Ratnapura . .| 6 41 40/80 24 20| , 4 24/,, 2 4 3818 
1864 | Kuranegala . 7 28 50|80 21 60] , 2 4| , 2 7 "3819 
1865 | Galgomuwa .| 8 0 60/80 16 O| , 1 80| , 1 51 3825 
1366 | Anuradhapura 8 21 10/80 23 10; , O 80] , 2 1 "3034 
1367 | Horowupotana .| 8 38 10/80 49 50| » O 9], 1 48 3839 
1368 | Trincomalee . 8 34 40/81 14 10] , O 6] » 1 88 8854 
1369 | Alut Oya 8 18 20/80 6 O|, 1 2), 1 64 3840 
1870 | Topawewa 7 66 40/;81 O10] , 1 36] , =jJ1 68 "3846 
1371 | Dambulla 7 52 40/80 39 20) , 38 32/E. O 10 3842 
1872 | Vavoniya 8 45 30/80 90 20| , 1 8 1 32 “38.44 
1873 | Mullaittiva . .| 9 16 10/80 48 60] , 1 17! , 1 48 ‘3814 a 
1874 |Mankulam . 9 7 40/80 27 O| , 1 59| , 1 37 3845 Ss 
1975 | Jaffna 9 39 30/80 0 40| », 2 26], 1 36| 8867 g 
1376 | Elephant Pass ./ 9 31 20/80 24 20| » 2 8/], 1 47 3846 e 
1877: Manac 8 69 10/79 564 30} » 1 7] » 1 36 3844 a 
1878 | Marichchukkaddi .| 8 34 50/79 55 O| » O » 1 47 3831 : 
1379 | Puttalam . .| 8 1 40,79 49 O| » 1 19; , 1 48 3832 : 
1380 ' Chilaw 7 84 20/79 46 50| , 2 27], 1 54 3818 7 
1981 | Negombo 7 12 30|79 49 20; , S$ 28; , 21 8&8 *3528 : 
1382 | Kandy 7 17 40/80 37 40| , 2 87/ , 2 20 3847 js 
1383 | Nuware Eliya 6 57 40/80 46 20| , 4 1], 2 4 3822 
1884 | Haputale . ./ 6 46 0] 80 57 50| , 4 24| » 23 38 3815 
1985 | Tanamalwila .|/ 6 25 60/81 8 10! , 6 7], 2 ll 3815 
1886 | Kirioda =. ~=S iw] 6 «18 10/81 20 50| , 5& 36] , 2 18 3817 
1387 | Muppane. -| 6 61 60] 81 21 30] , 3 49; , 2 32 3806 
1388 | Bibile . .| 7 9 80/81 14 10], 8 8], 2 8 3828 
_1889 | Batticalon . = «| 7 42 80/81 42 40/ , 2 17| , 1 67 3840 
1890 | Pottavil 6 52 30/81 50 30| , ¢ &6|, 2 8 3837 
1891 | Tirukkovil . «| 7 7 6560/81 62 10| , $8 51}, 2 8 38.40 
1392 |Kalmunai . = .| 7 24 50/81 50 40| , 3 47/, 2 O 3837 
1898 | Kalkuda . .| 7 65 20/81 84 60/ , 1 64|, 2 1 ‘$846 
1894 Maba Oya . = -| 7 82 0/81 21 20] ,, 2 a! 1 58 3836 
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Abstract showing approximate magnetse values al stations observed at by No. 18 Party during 


season 1912-13—continued. 
Fiecp Stations—concluded. 


Sorial 


No, Name oF Startroy, Latitade, Longitude, 
1896 | Kekirawa . 
1896 | Nalanda 
1897 | Nugetenne . 
1398 | Colombo 
1399 | Sargodha . : 


1400 | Sillanwali . 
1401 | Jhang Maghidna . 


Op Stations 


76 |Multan(a). .|30 10 50/71 26 60 2 
81 | Lala Misa . -| 32 42 40; 73 687 O 3 
85 | Khairsbad . .| 33 54 10/72 18 10 8 
89 | Jand : 33 26 20/72 O 60 3 
95 | Khewra : -|82 88 OO; 73 o 10 3 
100 | Pathankot . .| 32 16 20/76 38 40 3 
103 | Dahanu Road -| 19 68 40/72 44 40 0 
110 |Itola . . .{22 9 10/78 9 40 0 
114 | Jagudan ss. .| 23 30 60; 72 24 O 1 
119 | Pindwira (a) .124 48 O| 7 2 10 1 
131 |Khangta . .|26 33 30/78 87 20 1 
127 |Saratgarh . «| 29 19 80/73 64 wl 2 
136 | Bhaunagar . .(21 46 40) 78 7 40 0 
147 | Veraval . «| 20 64 20 | 70 22 80 0 
166|Jaom. . .|23 38 0; 75 7 Z 1 
160 | Mandal . .!26 26 50! 74 36 10 2 
162 | Jaipur : .| 26 55 O|} 75 47 | 1 
747 | Danura : .{19 46 60/78 46 0 
1164 | Chikni .  .{20 6 O|}77 53 30 0 


Nandgaon 


Ner (Parsopant) 38 


Yeotmal 
Jodmoha 
Mohoda 
Jhadgaon 
Wadki 


i) 
co 
pms 
Co olUmDMWmlCOUlCUMKMDCOUCOCOFSSN 


Horizontal 


Force, 


0°3257 
3148 


RaMaBxs, 


M, 


H is derived 
from mean 
roughont. 


th 


H is derived from mean Mo throughout. 


Mo throughont. 


H is derived from mean 
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Abstract showing approximate magnetic values at stutsons observed at by No. 18 Party 
during season 1912-13—continued. 


Detart Survey Stations—concluded, 


NG. Name oF Srariox, Latitude. Longitude. Dip. Declination, Force. ae 


——<—<—<<_————— 


ee ee ee SS — 0.4a8 
360D| Won. . .|20 2 20,78 57 20| N. 25 83/KE. 0 8 03781 
361D | Punwat : -| 19 67 20!'79 3 O| , 25 71] , #O 11 3731 8 
$62D Kayar .  .{19 64 O| 78 64 10] , 25 17] , O 9 ‘3697 B 
863D |Wadhona . .|19 58 30; 78 45 40] ,, 25 32], O 18 3764 : 
364D | Pandharkawada .| 20 1 80/78 38 O| , 26 6], O11 ‘8725 2 
865D | Bori (Patan) .|19 51 60/78 84 20| , 25 42] W. 0 21 "3665 
866D|Saorgaon . .|19 54 560/78 22 20| ,, 26 22)/E. O 7 3688 & 
867D|Sayatkharda, .(20 1 80/78 16 30/ , 25 47] , 0 20 3748 ts 
$68D |Kurhad . ./20 8 0|78 10 40| , 26 12] ,, 0 20 8724 E 
869D | Mahagaon (Kasba) | 20 18 10/77 54 20| ,, 26 8|,, O 41 ‘8722 S 
370D |Ladkhed . .| 20 2 40/77 64 40| ,, 26 32] ,, O 83 8683 
371D|Darwha . .'20 18 30/77 46 O| , 25 68|, O 8 ‘8697 
Repeat STATIONS. 
1 | Udaipar . e/24 85 83/73 41 67|N. 34 34] E. 1 18 03526 
Il | Karachi . .|24 49 60/67 2 2/ ,, 34 56| , 3 39 3451 
II] | Quetta . .|30 11 62/67 O 20] ,, 43 43], 8 O 3218 
IV | Bahawalpur .| 29 28 27/71 40 37] ,, 42 47| , 2 46 "3805 
V Rawalpindi. .| 38 36 16/73 8 6| , 48 49| , 38 88 3104 
VI | Bharatppr . «| 27 18 27/77 20 28| , 39 943| , 1 44 8451 
VIL | Bangalore . -|12 69 36/77 36 68| ,, 10 21; W. 1 1 "8834 
VILL | Dharwar . «| 15 27 26/74 59 35| ,, 16 59|,, O 81 3776 | 
1X | Porbandar . .| 21 38 20/69 87 6G| ,, 29 26|E. 1 7 3598 e 
X | Fyzabad . .| 46 47 27/82 7 40| ,, 38 28] , 1 24 "3532 £ 
XI} Sambalppr . ./21 28 3/83 58 24| ,, 28 22| , O 28 3741 e 
XI Darjeeling .  ./26 69 49/88 16 39] , 88 49; , 1 1 ‘3576 ES 
XIV ‘cay .  . {8% 46 80/84 58 54] ,, 34 48/5 O 44 3669 8 
XV | Secunderabad .|17 27 11/78 29 16; ,, 20 40|W. O 1 "8804 3 
XVI Bhustwal . ./21 2 46/75 47 18| ,, 27 40/E. 0 365 9684 5 
XVII Jubbutpore . .| 33 8 67/79 66 44] ,, 31 39| ,, O 48 3650 
XVIII Tavoy . {14 4 60/98 12 30| , 12 18], 0 9 3981 
XIX Lashio .  .{23 66 47] 97 44 40| ,, 81 22] , O 21 "3784 
Xx Akyab. . .|20 7 68/92 63 18] , 25 26/ , 0 19 3852 
46 | Ruk Junction .| 27 48 20|68 38 20; , 40 OO, , 2 8 "3544 
71 | Lahore ‘ -| 81 85 601/74 18 60; , 46 31) , 2 62 8200 
88 | Peshawar . .|34 O 40/71 3B 40) ,, 49 : » 38 46 8073 
2 | Kandian - «| 82 27 80/71 28 20) , 48 4°, 8 x | 3092 


ee 
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Abstract showing approzimate magnetic values at stations observed at by No. 18 Party during 
season 1912-13—concluded. 


Repeat Strations—concluded. 


BN | Name ov Station, Latitude, Longitude. Dip. Declination, | Hopaental 
: a ie ae of C.G.S. 
105 |Sachin . -{21 4 40/72 52 40! 297 59 |B. O 16 8655 
124|Bikaner - -|28 O 40/73 18 50! 40 383 |, 1 87 3385 
130 | Ajmer .  «|/26 27 80| 7% 38 30; 37 52 1/,, 1 48 3461 
134] Mirpur Khas -|26 81 40/69 0 40| 86 wi], 12 61 3.441 
139 | Viramgam . -|293 8 10/72 8 80, 81 49 |] 4, O 69 3566 
172|Dhond . «| 18 28 0| 74 35 | 22 40 | ., O 18 3716 
175 | Hotyi . [17 33 40/76 0 oa 2 48 | , O 8 ‘3757 
181 | Guntakal . .|15 10 20/77 22 40 15 42 | W. © 36 38117 
187 |Perambor . ./18 6 40/80 15 0, 10 47 | , O 69 $844 
207 |Birur. . .|18 85 60/75 6&8 10 11 59 | » O 49 ‘3805 
216|Miraj. . -|16 49 10/74 38 10 19 60 | , O 18 3768 
923|Manmad . .|20 14 40/74 96 20; 26 14 |E. 1 2 3018 “3 
932 |Delbi. . -|28 40 20/77 14 20| 41 39 |, I 58 8896 
963 |Sirsa . . «| 20 88 10/75 2 40| 42 64 |, 2 2 3334 E 
328 (a)| Tinnevelly . .| 8 44 0| 77 42 30 1 56iwW. 1 48 ‘3797 =| 
387 |Tanjore . -{10 46 40/79 8 20 468 |, 1 33 3827 : 
375 | Parbhani . .|19 16 20/76 46 50} 2 3 /|E. O 84 3714 8 
384 | Bezwaida sz. .| 16 81 O|} 80 86 50 21 56 QO 25 8826 : 
483 |Manikpur . ./25 8 10/81 5 20| 35 23 |E. 1 6] ‘3592 § 
489 |Monghyr . .| 25 23 10/86 27 40 35 66 | , O 65 3634 is 
500 |Sint . . «(22 47 O|] 85 56 50| 30 49 |], O 88 ‘3745 
618 | Katarnian Ghat .|28 19 50/81 7 60/ 41 141, #21 49 3451 
530 | Bettiah . .| 26 48 650/84 31 30| 38 31 | ,, 1 32 35.48 
644 | Baran .  ./25 6 30/76 30 30| 2 45 |, 1 14 ‘3524 
645|/Bing . . ./24 10 50/78 11 Of] 33 82 |, 1 38 3373 
557 | Indore ; .| 22 42 10)75 62 40 31 12 » O 38 °3680 
573 |Cawnpore . .|26 27 O|80 21 0| 37 60 |, 1 27 3534 
598 | Kathgodam. .| 29 16 20/79 32 50| 42 38 | , 2 6 ‘3379 
710/Cumbum .  .|15 35 560/79 6 40| 16 32 |W. O 69 3827 
746 | Chanda ‘ -| 19 57 50/79 17 40 25 29 |E. O 17 3746 
765|Raippr . ./21 16 60/81 38 20| 298 22 | , OO 24 ‘3724 
779 | Amractti . .|20 65 30/77 45 50| 27 58 |, O 7 3653 
871 |Lakehim . .|23 15 40/91 7 20/ 381 42 | ,, O 36 3760 
961 | Mandalay(3) .|22 0 10/96 6 0 3) 21 15, O 18 38:21 
1328 |Barmer . .| 25 44 40/71 26 40| 936 47 1 46 3.136 


_Nots.—The above values of Dip, Declination and Horizontal Force are uncurrected for secular change, diurnal 
variation, instrumental differences, etc., and are to be considered preliminary values only. 
All Longitudes are referable to that of Madras Observatory taken at the value 80° 14’ 54” East from Groenwich. 
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COMPUTING AND TECHNICAL OFFICES. 


By Mr. J. ptGraary Huntsr, M. A. 


Towards the end of 1912 it was decided by the Meteorological Department 
to dispense with Dehra Din as a meteorological station. As the only remaining 
object in continuing observations was to accumulate data which might be 
useful for Survey purposes, a change in programme was made beginning from 
January Ist, 1913. Observations are vow taken at 2 P.m. (standard time) 
instead of at 10 a.M. and 4 P.M. (local time) as was formerly done: and 
simultaneous observations have been carried out, by kind consent of the 
Superintendent, Northern Circle, in his office at Mussoorie, It is hoped that 
these simultaneous readings will throw light on terrestrial refraction and its 
annual change. 

The present seems a suitable time for publishing the ‘results obtained. 
previous to the time of change of programme. : Ss 


Tne Omori Seismograph has now been in good working order at Dehra. 
since July 1912. A statement of the earthquakes recorded by it with the 
distance of the epicentre in each case when this could be satisfactorily deduced 
is given in the Table I. This is followed by two Tables (II and IIT) dealing 
with Solar Photography at Dehra Din. Tables IV and V give data regarding 
wind velocity. The velocity is given by the number of miles of wind which 
pass per hour. In Table VI the records of the underground thermometers are 
given. These readings of wind velocity and underground temperature have 
now been discontinued. Table VII gives some meteorological records obtained 
at Dehra year by year from 1899-00 to 1910-11. 


TABLE I. 


Setsmograph Records tuken at Dehra Din, 1912-13. 


Time of commence- | Estimated 
— (Standard time) “chlgaate. eee Bankes: 
hrs, mnts. hrs. mts. 
1 | 7th July 1912 & QO | Repeated shocks of great in- 
, tensity. 
2 | 30th September 1912... 2 32 4,200 2 0O | Small. 
3 | 7th November 1912 5 18 23 5,600 1 15 | Distant shock of mediam in- 
tensity. 
glish lw |: 61 200| 0 8 estiaias shock. 
5 | 20th ee oe , 2 28 400 0 22 Medium. 
8 6 35 8,800 0 86 | Small. 
24th December 1912. 
7 as 44 4,000 0 80 | Small. 
8 | 1lth January 1913 : 18 55 8,300 1 00 | Medium. 
9 | 19th Pa i é 22 41 2,300 1 20 jae: 
10 | 20th February 1918 14 39°5 ? 0 28 | Small. 
11 [24th on | oo47 29°5 40 0 12 | Slight, 
12 11 19 200 0 1 | Slight. 
13 o March 1918. you 25°5 300; 0 2 | Slight. 
14 ( 16 83°65 ? 0 42 | Shock of great intensity. 


we 
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TABLE I—coneld. 


Sessmograph Records taken at Dehra Din, 1912-13—concld. 


———__ OO 


Time of commence- 


he Pate: (Standard. time) 
hrs. mts. 
15 | llth March 1913 : 0 38°5 
16;l4th , 4 ee 23-5 
17 | 28th , ns 22 42 
18/9thApril1918 =. = .| 3°5 
19 |} 14th ,, »» ° ° 18 22 
20/16th , 4» . . 1 34 
21 | 25th , =—s : - | 23 84 
23 15thMay 1918 .  . 7 19 
23/30th , so» : 5 | 17 29 
24 | 26th June 1918 ° <i 10 45°5 
25 | 27th 4, * ° - | 5 00 
26 | let August1918 .  . 22 50°5 
27 | 6th » » ¢ ‘ 238 89 
28 | 7th » » ° 1 4 3 
29/21t , wi i. . 10 33 
30 | ( 2 5 
“3 {oar September 1918. | _ 
| 


26 | 


Etimated 


distance of 
epicentre, 


(Miles) 


4,800 
1CO 
6,300 


200 


Duration. 
hrs. mts. 
0 12 
1 50 
0 6 
0 5 
0 88 
0 12 
1 50 
0 1 
2 00 
50 
0 5 
1 5 
0 
0 
0 7 
0 8 
0 2 


| 


Slight. 
Great. 
Slight. 
Slight. 
Small. 
Slight. 
Medium. 


(Vou. V. 


REemazxs. 


Slight local shock. 


Medium. 
Great. 


Local shock of moderate in- 


tensity. 
Medium. 


Slight local shock. 


Distant shock of great in- 


tensity. 


Local shock of moderate in- 


tensity. 


Slight local shock. 


Slight. 


Nors.—“‘ ? °°’ indicates that the distances could not be meas:1:ed as the changes in the character of the tremors were ill-defined. 


Yuax. 
oa ee ees 
1898-1900 ° 
1900-1901 . 
1901-1982 ° 
1902-1908 . 
1903-1904 
13904-1906 ° 
1906-1906 
1906-1907 
1907-1908 : 
1908-1] 909 
1909-1910 
1910-1911 ° 


1911-1922 


Solar Photography. 


TABLE IL. 


Showing the Number aud ( haracter of Negatsves, 


NUMBER OF DAYS. 


4 

é 

365 
365 
365 
365 
366 
365 
865 
365 
366 
365 
365 
365 


>) 
& 


ae 


Sputs and | 
acule, 


NUMBER OF NEGATIVES, 


| only, 
| 
| 


S pots 


SoLak PHENOMENA. 


Facule 
only. 


es Oa Hi) 


Numzrz or 
WORKING DAYS 
WHEY Pur- 


NOMENA WEEE 


ee 


Viaible. | Absent, 


153 
37 


116 


Vou. V.4| 
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TABLE III. 


Showtng the Visibslsty of the Sun at Denra Dun and Greenwich, 


1880-81® 


1881-82 
1882-83 
1883-84 
1884-85 
1885-86 
1886-87 
1887-88 
1888-89 
1889-90 
1890-91 
1891-92 
1892-93 
1893-94 
1894-95 
1896-96 
1896-97 
1897-98 
1898-99 


1899-1900 


1900-01 
1901-02 
1902-03 
1903-04 
1904-05 
1905-06 
1906-07 
1907-08 
1908-09 
1909-10 
1910-11 
1911-12 


Ar Dezsa Dun, Ar GrexxwWicg, 


- 


Number of Percentage | Namber of Number of 


pepatives were nagha whieh in| Year. ect arene 
| me 

807 96 1880 16 | From lst October to 

328 100 1881 a ieee 

318 100 1882 221 

385 100 1883 216 ; 

284 100 1884 164 | 

290 100 1885 206 

$02 91 1886 199 | 

328 71 1887 188 

815 78 1887-88 205 

320 99 1888-89 182 

308 100 1889-90 212 

804 100 1890-91 224 

292 100 1891-92 219 

804 100 1892-93 220 

318 100 1893-94 230 

324 100 1894-95 199 

316 100 1895-96 229 

$25 100 1896-97 222 

321 100 1897-98 191 

303 100 1898-99 195 

308 85 67 | 1899-1900 180 

314 51 49 1990-01 167 

299 88 66 1991-02 178 

305 100 61 1902-03 204 

313 100 52 1903-04 227 

800 100 65 1904-05 212 

329 100 36 1905-06 210 

$40 100 26 1908-07 210 

336 100 29 1907-08 212 

338 98 27 1908-09 207 

$28 83 37 1909-104 194 | tForthe year ending 

336 ab |) Goi | ASW0AT INbaNEIo Geta ue 
able. port to the Board uf 

Vis tore, 
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Wind Velocity. 
TABLE IV. 


Mean Velocity én miles of the winds at Dehra Din during the twelve years 1899-1914, 
Jor each month of the year. 


| 

ia ro e t. 

; rh ° 

Yran. & z 2 is a : = = 

4 S 5 E E t 7 : s 

= > = a E = m | mm = = 

© S o FI oF Me Be < E ‘S s o 

| Oo vA a > fxs a <4 a = = < m 
1899-1900 . . 1°55 1°35 1°30 2°16 1°97 1°96 2°46 2°44 1°89 1°22 0°87 0°64 
1900-01 . ° : 0°81 0°63 0°86 0°98 0°63 1°96 2°u8 1°96 2°08 1°38 1°08 0°76 
1901-03 ‘ * 0°47 0°35 013 0°26 1°3u 2°24 2°56 3°68 2°18 1°52 0°04 077 

a 

1902-03, : ‘ 0°74 0°59 0°50 0°86 1°08 1°41 1°63 1°98 2°25 1°54 1°34 0°96 


100405 . . .{ 0°70 0°84 0°60 0°66 1-2 1°35 2°16 1°46 1°76 1°85 1°04 1-06- 
1905-06 . . .| 1°28 1:55 0°80 0°90 1:47 2°12 2°53 2°33 2°18 1:35 | -1°36 Vl 
1906-07 . . .| 1937 0°98 0:36 |: 0°83 1°55 2°14 2°12 2°31 2°51 189 | ‘117 139 
190708 . 3 . = «| —-'F'10 1:08 0°63 1:06 1°47 1°86 2°37 2°06 1:87 0°95 072 C91 
1008-00 . . .| 108 101 O71 0°85 1°17 . es 1°68 1°57 oral 0°92 0°97 
1000-10. ww] 06 06 0°9 19 a°2 2°9 2-9 19 14 Il 0-9 
Well . gw | 8 10 11 16 19 21 21 2°0 1°3 10 08 0°8 
1911-13. 


: : Not available. 


TABLE V. 


Mean Veloctty tn miles of the winds at Dehra Din during the twelve years 1899-1911, for 
: each hour of the day. 


Civiz Hovuzs. . S = : & & s 5 = & 5 E s 1911-1913, 
$i/8i 8/8)/2!}2}812)818 48] 2 
Be ee ee ee ee ee 
Otol . «| 186] 1.2 oss | “oes , oe | 070 | 110 | w17 | 106 | O88 | 10 | 1:0 
1, 8 «. «| 143 | «08 | O87 | 067 | O76 | o-6s | 105 | 1:00 | 086 | O88 | Of | OD : 
3,3 . 1:22 | 0°83 os2 | us7 | 0-70 | oe | 0-98 | 089 | o78 | O87 | o8 | op a 
8 4 « «| 123 | 076 | 066 | 048 | O67 | 081 | O70 | O76 | Oe | O87 | OF | OF S 
» 6  . «| v0 | 069 | o89 | 048 | O60 | 087 | ves | o73 | 61 | oss | 08 | o8 3 
8, 6 «. «| 087 | 065 | O83 | O38 | o49 | O52 | oes | O73 | O86 | O88 | O7-| OF 
6. 7 « «| o79 | 089 | O46 | 0-40 | O81 | O47 | O83 | Os | O82 | O81 | OF | O08 
"2, 8 . «| ov | 056 | 057 | 048 | 055 | 49 | 068 | O70 | O89 | o85 | oF | OF 
8.» 9 . «| 100 | 0-78 o79 | o73 | o78 | o74 | o93 | ror ( oss | oss | il | op 
®9.,10 . «| 159 | 1:28 | Wess | 115 | 131 { 110 | 1°40 | 1:43 | 106 | Vo | 14 | 12 
MN 3.) | ae | 270 | vas [ ren | 2-78 | 160 | 197 | 183 | 156 | 187 | 32 | 19 2 
1,12 . «| 230 | 206 | 228 | 204 | ais; 208 | a1 f 228 | 218 | 169 | 36 | 3% a 
i318 . .| 255 | 219 | 240 | 240 | 2295 | 239 | aor | 265 | oes | 216 | sl | as s 
13,14 . 3°87 2°55 2°62 2°86 | 3°68 | 2°70 | 3°24 | 2°88 3°69 2°37 371 29 ms 
14,15 . «| 204 | 278 | 2:78 | 2:08 | 273 | 268 | 3°96 | soe | 2:06 | 393 | 35 | 80 
4162. |e || 273 | eer | aes | a7 | o5s | sun | su7 | ves | oss | ss | 38 
1,17 « «| 220 | 246 | 231 | 3°65 | 247 | 3as | aes | a72 | 20 | 1:78 | 81 | 84 
17 ,, 18 ~ | 169 | 21°63 1°62 1°88 150 | 165 | 3°17 | 2°01 1°80 1°18 2°23 16 
1a ,,10 3. «| 215 | 980 | O98 | 1:08 | O67 | O88 | 158 148 | 1:06 | O71 1°83 08 s 
w 3 3 | 077 | ove | oss | om | ove | ais | 10s | oes | oer | 09 | oF | 
80,21 . «| 151 | 097 | 068 | oo | oo | ove | 1°09 | 111 | oa | oe | os | of 5 
21 ,,22 «. «| 166 | 116 | O86 | oe | oor | ose | 1:13 , 116 | 109 | O75 | Ov | 1°0 : 
3,23). seve | 1°20 | «085 | o@7 | 96 | o-78 | 1:37 | 125 | 108 | os | 10 | 1-0 
3% =. «| Del | 100 | O87 | os | ios | oes | rio | 1m | 1m | om | o8 | an 
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Tastzs VI. 


Mean Monthly Readings of earth thermometers, taken at the Office of the Trigonometrical 
Survey, Dehra Din. 


“6.5% | 
323 
Ege 
ase Year. ‘ i | ; & 
Bes 7 g\ Ss P e a | 4 
Apr a D | =] Ss 4 a ' . : = 8 
Bsa 8 - iS 2 z B=) i > | & >» | & 
o.= @ E s ° 5 a) é Re 3 = 3 5 oy 
qe ° Z A a) a aA < A - = < ro) 
| | 
| 1890-1900 . « «| 76°90 | 77°08] 76°91 | 76°70 | 75°88 | 74°50 , 73°80 | 73°E0 | 74°32 | 75°81 | 76°58 | 77-98 
1900-1901  . «© — .| 78°42 | 78:14] 77°64 | 76°84 | 75°57 i 74°17 | 73°23 | 73°26 | 73°80 | 74°65 | 76°56 | 78-38 
1901-102  . . 78°16 | 77°68 | 77°32 | 76°90 | 76°26 75:70 | 75°10 | 74°90 | 75-02 | 75°45 | 76°28 | 76°91 
| 
| 1902-1908 . .  .|77-48| 7738] 77:32 | 76°82! 76-22 75-45 | 74:87 | 74-40 | 74:49 | 74:80 | 76-01 | 76-89 
| 1903-1904. . | 77.58 | 77°60 | 77°52 177-17 16% 7590 | 751 74°87 | 74°88 | 75-47 | 76-96 | 77°61 
1904-1905 . . 77°84 | 77°60 | 77-41 | 76°87 | 76-21 75°27 | 74°25 | 73°64 | 78°45 | 73°86 | 74:52 | 75°52 
256 4| 1905-1906 . . — «| 7602 | 76:83 | 76-42 | 76.20 | 75-63 | 74-86 | 7421 | 73°73 73°90 | 74:89 | 76°56 | 77°63 
1906-1007  . 77°91 | 77°71 | 77°65 | 77°28 | 76°72 , 76:00 | 75°18 | 74°64 74°40 | 74°67 | 75-46 | 76:50 
l 
1907-1908 «Ss. | 76°96 | 77-22 | 77°28 | 77°01 | 76-49 | 75-35 | 75°04 | 74°83 74°88 | 75°54 | 77 56 | 78:99 
| ; 
| 1908-1909 gs. | 28°43 | 78-40 | THIS | 77°84! 77-24, 76°55 | 75:91 | 75°54 75°62 | 76-14 | 77°96 | 78-62 
| ‘ 
| 1909-1910; . | 78°26 | 77°97 | 77°80 | 77°35 | 76°77 . 76:00 | 75°31 | 7484 7490 | 75°36 | 7736 | 78-22 
| i 
1910-1911 =. Ss. | 98°12 | 77°84] 77°58 | 77°00 | 76-24 | 75°26 | 74°36 | 73°87 73°86 | 74°16 | 74°84 | 75-95 
1911-1912 wt 76:50 | 76°66 | 76°60 | 76°15 | 75:49 | 7465 | 74°15 | 73°84 73°92 | 7488 | 75°52 | 74-08 
| 
I | | 
r| 1899-1900 wt 79°24 | 78:48 | 76-92 | 7514 78:01 71°72 | 71-98 | 73°55 75°90 | 7837 79°57 | 80°18 
1900-1901 . . 79°60 | 78°31 | 76°61 | 73-98 | 71-22 . 69-92 = 72 83 75-42| 78-05 80°04 | 80°54 
| | 
1901-1902 79°83 | 78°89 | 77°18 | 74°98 73-21 72-64 | 73°43 | 74°87 | 77°00 | 78:20 79 70 | 79°94 
192-1908 .| 70°68 | 78:36 | 76°56 | 74°24 72°36 71°84 nase 78:17 80-07 | 80°41 
1908-1908 | 80°11 | 79°05 | 76°78 | 7480 72-09 71°61 7198 | 7620 7638 7896 1944 79°63 
j| 190-1005. | 7840 | 78-64 | 76°78 7424 71-76 69°41 | 6926 | 71:27 7403| 7632 78:10 | 79°07 
128 {| 1905-1906 =... | 78°83 | 78:18] 76:50 | 74°24 72-15 70°79 iw 71! 72°€2 75°66 | 7-99 8019 | 80-06 
| 1906-1907. Swe | 29°75 | 79-00 | 77°59 | 75°54 73°68 71°97 | 71°5y' 72°87. 75:10 | 77-18 76°90 | 79-95 
; 
1907-1908 . 79:96 | 79-44| 77:99 | 75°62 | 78-42 72:08 72-47 ; 74°41 76°75 | 78°76 80°45 | 80-45 
| 1908-1909 80°56 | 79°73 | 78:13 | 75°92 7893 73:87 73°37 74°84 7686 | 7910 £0°s0 | 80°42 
1909-1910. 7571 73°59 Tas, 7206 74:66 7662 | 78°59 80-3 | 80°31 
| 1910-1911  . .  .|8002/ 79-02] 77-20] 74°76 7216 7091 7088 72:93 7557|7738 78:92| 79°96 
1911-1912 . .  .|79°60| 78-59 — 71°63 71°08 11-75 | 78°57 75°80 | 77°81 79-76 | 80°41 


~ 


. | 80°22 sa 


1899-1900. ~—..—S«. | 80°52 | 76-86 | 72°68 | 68°53 | 65°83 | 67-70 80°51 | 81°99 | 81-86 | 81-06 
1900-1901 79°34 | 7651 | 72°92 | 67°87 | 65°52 | 66-04 70°54 | 75°67 | 80°34 | 82°81 leitee 81-02 
| 1901-1903 S001 | 17°88 78-2 | 0017 | 6858 70-67 7435 78:20 | 81-95 seat | ss 81°46 

1902-1908 79°99 T6s1 | 7240 65°25 | 66:46 cree 7106 77-08 | 81°95 | 83°56 | 83°48 | 1-94 
1908-1904 81:00 | 77-42 78:36 | 68°62 | 66-92 | 68-06 | 71°92 | 77°80 | 80°89 | 81:58 | 80°66 | go-8 
1904-1905 70-74 | 76°90 | 72°42 | 67°92 64-06 | 63:57 67-82 74:27 | 19:21 | 8091 | 81°45 | a166 

6:4 4 | 1905-1906 8012 | 77°85 ' 78-05 | 68°11 | 66-52 | 65-86 , 70°29 | 76-98 , 81-74 | 82-07 | 81°61 | g0-9g 

1906-1907 . | 80°53 | 78°06 | 74°51 | 70°19 | 57-68 | 67-86 | 70°10 | 76°56 | 81-28 | 93-68 | 82°51 | go-78 
1907-1908 . | 82°35 78°98 750 68:98 | 66°51 | 68-06 | 7869 | 79°49 | 88:63 | 82°84 | 81°86 | a)-g0 
1908-1909 81:56 | 76°20 | 73°56 | 69°39 | 66-79 | 69°11 | 74°33 | 7 96 | 82-20 | 82°45 | 81°77 | B1-34 
1909-1910 . | 81-29 | 78°75 , 73°70 | 68°63 | 67°17 | 68-46 | 74°34 | 78°76 | 82°62 | 8271 | 81°50 | 1-29 
1910-1911 . | 80718 | 76-84) 72°81 a 6699 | 71-01 | 77°97 | 81-96 | 62-78 | 68°23 | e197 
(| 1911-1913 . | 80°42 | 75°99 70°09 | 66°77 66°35 | 68°36 | 72:18 ' 77-90 ' 81-90 | 82-96 | a245 | gu-95 


| 


|| 


RECORDS OF THE SURVEY OF INDIA, 1912-18. 
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Mean Monthly Readsngs of earth thermometers, taken at the Office of the Trigonometrical 
Survey, Dekra Diin—concld. 


thermometer bulbs 
below surface of 


Depth in feet of 


| 


Thermometer in shade. 


1899-1900 
1900-1901 
1901-1902 
1902-1903 
1908-1904 
1901-1905 
1905-1906 
1906-1907 
1907-1908 
1908 -1909 
1909-1910 
1910-1911 
1911-1912 


1899-1900 
1900-1901 
1901-1902 
1902-1903 
1908-1904 
1904-1905 
1905-1906 
1906-1907 
1907-1908 
1908-1909 
1909-}910 
1910-1911 
1911-1912 


1889-1900 
1900-1901 
1901-1902 
1912-1908 
1903-1904 
1904-1905 
1905-1906 
1906-1907 
1907-1908 
1908-1909 
1909-1910 
1910-1911 
1911-1912 


Year. 


October. 


ar 
s0-27 
© | 70°82 
18° 
78°00 
£0°10 
; 79 64 
79°83 
. | 80°41 
. | 83°47 
. | 81°95 
81°55 
79°18 
79°58 


| 


—— 


November. 
December. 


73°88 | 67°86 
73°20 | 66°44 
78-93 | 6753 
72°15 | 66°14 
67°26 
66°05 


75°19 | 68°83 
76°44 ; 68°19 
75°02 | 68°64 
76°81 | 68°20 
73°19 | 67°19 
70°96 | 64°77 


a 
oa 
a 
va ts 
” 
| 


«| 79°09 | 70°75 | 62°40 


-| 75°23 | 


7720 


70°17 | 60°16 
70°46 | 61°35 
67: 91 | 59°66 


98:12 68°71 | 60°88 
| 77-42! 67°08 | 60°48 


. 1787 


69°97 | 60°75 


: 78°47 72°18 63°61 
81°79 72°66 61-98 


-. 80°70 | 


70°86 62°56 


.| go-12 | 78:17 | 61°86 


a 


| 76°70 | 68°59 | 61:26 


; 77°82 


| 
i 


65°57 | 59°18 
| 


| 


.| 83°10 | 75°14 | 69°59 
79°20 | 74°36 | 64°26 


. | 80°98 | 74°08 


66°87 


. | 78°22 , 73°86 | 68°30 
.'| 80°61 | 73°87 | 67°54 
. | 81 69 


. | 83°00 


72°95 66°47 
75 94 | 66°65 


. | 81°38 76°29 | 69°23 
. | 86°28 
. | €4°08 
| 83°77 


-| 79°31 


16:29 70°28 
75°10 | 69°36 
77°47 | 66°09 
73°39 | 66°92 


. | 80°62 | 68°89 | 66°97 


_—- oe 


January. 


63°01 | 
60°41 mm 61°04 
63°95 

61°62 
63°44 
60°53 56°72 
61°12 61°40 
64°20 | 61°70 
63°75 | 62°90 
63°73 | 63°02 
63°21 | 63°70 
62°25 | 62°72 
62°10 | 64°48 


61°82 


ia 
"| 
| 
| 


om re 
55°47 | 58°24 
59 60 | 64°38 
57°10, 59°28 
56°30 | 61°48 
55°12 | 52°07 
55 75 | 57°96 
60°09 | 58-52 
58°79 | 60°46 
58°06 | 60°34 
58°40 | 60 90 
57°85 | 60°75 
57°99 | 62°84 


63°06 | 66°17 
60°07 | 64°41 
68°64 | 74°30 
65°14 | 68°58 
64°07 | 71°45 
58°53 | 54°92 
65°27 | 62°72 
67°83 | 62°40 
65°69 | 70°25 
64:02 | 69°73 
65°90 | 9°93 
63°04 | 71:36 
64°04 | 71°37 


February. 


March. 


62°01 | 68°18 


65°57 
71236 
67-49 
67-11 
61°61 
64°34 
65°08 
68°71 
70°17 
69°25 
66°53 
u9"34 


69°75 
66°53 
73°87 
67°64 


66°62 | 


60°83 
63°57 
63°96 
69°43 
70°68 
69°99 
65 53 
68°51 


82°01 
76°70 
82°13 
74°51 
75°77 
69°06 
73°86 
70°14 
80°77 
82°72 
80°87 
70°51 
76°61 


| April. 


ae ee Oe ' 84°28 83:01 80:86 
ers | 6:99 8233 81°57 
84°81 8278 e217 
8725 88:09 228 
86°72 ee e185 ‘81-78 
sros | e436 99-36 | 83:20. 


| 


75°27 | 83°53 
78-77 | 8430 86°81 
73°00 39 aon 
78°18 | 84°36. 
71°57 6193 | 
76°41 | 85°83 
72°53 | 82°51 
79°54 | 86°10 
78°58 | 83°74 | 86°49 
79°68 85°32 , 87°82 
76:30 | 86-06 86:49 
16°15 


88°09 
87°57 
89°71 


84°70 


84°29 
83°66 


84°10 | 87°40 


87°18 ar 
87.33 93°18 
88°94 | 90°53 
79°86 8992 94°66 
81°36 ! 88°05 90°26 
13°63 ; 86 62 91°62 
79 57 | 91°35 89°43 
74°98 8811 92°92 
$242 91°40 93-37 
79°65 | 88°49 88°12 
81°32 | 20°52 90°61 
79°76 | 93°37 88°97 
78°08 | 89°21 91°16 


i 


84°78 | 90°62 ; 93-04 83°60 
| 
86°25 eae 85°02 
bad eee 90°97 ' 81°52 
87°65 94:90 publ abe 
90°86 | 92-38 90°62 | 80°21 
een 91°99 | 82-89 
90°56 | 97°01 859 §3°01 
sel eshea ae ' 88'58 
91°40 ee 82°03 
cous | one 84°64 / 80°47 
87°77 | 95°53 oat aon 
87°07 96-54 | 86-82 88°04 
85°33 | 92°86 . 98:06 | 84°78 


76 36 
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80°32 


87°49 
84°91 
89°07 
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89 88 
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83°98 
89°40 
86°72 


81°71 


82°14 


82:07, 
84°08 81°75 82°21 
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85°72 83°31 82-20: 


84°72 | 83°34 


81:69 
83°15 


83 20 
82-06 | 


81-64 
83-73 
81°17 
84°20 
82:10 
81-34 
81-96 
85:49 
84:01 


81°24 
79°26 
81°68 
80°43 
80°07 
82°54 
19°25 
82°56 
79°14 
79°44 
80°10 
82°51 
81:28 


September. 


81°53 


87°47 63°91 | 85°46 


$334 
82°S8 


79 88 
81°02 
81°76 
81°99 
80°60 
82°14 
80°92 
85°27 
83°02 
83°17 
€2°13 


_8h53 


82°US 


18°97 
81°42 
81°14 
81°10 
82°04 
82°82 
81°68. 
86°89 
84°97 
83°66 
81°50 
80°29 
§2:30 
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COMPUTING AND TECHNICAL OFFICES. 
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NOTE. 


In reply to Mr. Hayden’s paper on the relationship of the Hima- 
layas to the Indo-Gangetic Plain and the Indian Peninsula. 


By Ligot.-Cot. G. P. Lenox-Conynanay, R.E. 


Superintendent of the Trigonometrecal Survey. 


To the Records of the Geological Survey of India, Vol. XLIII, Part 2,. 
Mr. Hayden contributes a paper on the relationship of the Himalaya to the 
Indo-Gangetic Plain and the Indian” Peninsula. This paper begins with a 
study of the geological features of the outer Himalayan Ranges and then 
procecds to discuss the theory put foward by Colonel Burrard in Professional 
Paper No. 12 of the Survey of India, to account for the results of the Geodetic 
observations made in the Indo-Gangetic Plain, and at stations situated in the- 
Himalaya. 

Mr. Hayden endeavours to show that these results are not inconsistent 
with the theory of Isostasy which has been proved by Mr. J. F. Hayford to- 
account, with a considerable degree of completeness, for the deflections of the 
pluinb-line and abnormalities of gravity that have been observed in the United 
States of America. 

In his discussion Mr. Hayden makes use of data supplied to him by the 
Trigonometrical Survey and he acknowledges his indebtedness for the figures. 
supplied with so much courtesy as almost to give the impression that he was 
working in co-operation with the Trigonometrical Survey Office, whence it 
might perhaps be inferred that his reasoning was accepted in that office. This,. 
however, is not the case; and it is necessary to point out clearly that his conclu- 
sions are in the opinion of the present writer based on a misconception of the 
theory of Isostasy as a whole, and that even if the theory could be so modified 
as to make it agree with the idea that he seems to have formed, nevertheless the 
results that he puts forward, as a possilile explanation of the observed deflec- 
tions of the plumb-line, are mutually destructive and do not rest on any con- 
sistent theory of the distribution of 1 :atter in the earth’s crust. 

To begin with the theory of Isostasy as a whole. On page 151 Mr. Hayden 
says— If the conditions of equilibrium in India are different from those in 
America there is no valid reason for the tacit assumption that, in a heterogene- 
ous body like the earth, isostatic compensation will occur at the same depth 
everywhere.” Now on page 145 M>. Hayden quotes Mr. Hayford’s definition 
of the depth of compensation; it runs as follows:— ‘* Let the depth within 
which the isostatic compensation is complete be called the depth of compensa- 
tion, At and below this depth the conditions as to stress of any element of 
mass is isostatic; that is, any element of mass is subject to equal pressure 
from all directions as if it were a portion of a perfect fluid.” By this defini- 
tion, since there is no tendency for a particle situated in the surface of 
compensation to move in any directicn. that surface is a level or equipoten- 
tial surface ; also since all elements of i:ass “at and below” this surface 
are in a condition of hydrostatic equilibrium it follows either that the density 
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of all matter below this surface is uniform or that the matter is arranged 
in concentric layers of uniform density, the density being everywhere the same 
function of the depth below the surface of compensation. The form of a rota- 
ting mass of such a structure is an ellipsoid of revolution, and we thus see that 
the surface of compensation must be of this form and that therefore its depth 
below the surface of the sea, neglecting the small effects of the slight dissimi- 
larities of ellipsoids at different mean distances from the earth’s centre, is neces- 
sarily invariable. 

If a calculation similar to that made by Mr. Hayford for the United 
States, were made for India, and led to a significantly different depth of com- 
pensation, the inevitable conclusion would be that the theory of Isostasy did 
mot in reality represent the distribution of mass in the earth’s crust, and that 
-Mr. Hayford solution had merely indicated that depth which made the best of 
@ wrong hypothesis ; just as part of a curve drawn according to one law may, 
by a suitable adjustment of the constants, be made to fit fairly well to a 
number of points plotted according to some other law, especially when the plot- 
ting is not very precise and the points only represent a small part of the com- 
plete curve. We are therefore obliged to deny Mr. Hayden’s statement and 
to assert that there is a valid reason for rejecting the idea of different depths 
of compensation for India and the United States of America. 

Even, however, if it were possible for the depth of compensation to vary 
from one part of the earth to another, Mr. Hayden makes a quite illegitimate 
use of the freedom he allows himself in this respect. Before going further it 
may be well to give an outline of the method by which the deflection of the 
plumb-line at any place is calculated from the topography of the surrounding 
country. 

Contoured maps of the country having been procured, circles are drawn on 
them with the plece of observation as centre. The first circle has a radius of 
only a few yards, but the radii increase rapidly and for a complete investiga- 
tion the outer circle must have a radius of over 2,000 miles. These circles are 
divided up into compartments by radial lines according to certain rules, the 
increase of the radii and the division of the circles into compartments being so 
contrived that if the mean height above sea-level of any compartment is 
100 feet, the attraction it exerts on a plumb-line suspended at the centre will 
be 0”01. It is to be observed that 100 feet of height above sea-level in 
any compartment has the same effect on the plumb-line, no matter where 
the compartment may be situated, so that all compartments have equal 
importance. 

The first part of the process consists of estimating the height of each com- 
partment and recording it ; this being done, to obtain the deflection that would 
result from the topography if there were no isostatic compensation, all that is 
necessary is to take out the algebraic sum of all the quantities so recorded,— 
positive for hill masses to the south, negative for those to the north, and with 
‘signs reversed for negative heights, i,e., depths below sea-level, an allowance 
being made for the presence of the sea-water. 

To obtain the effect of isostatic compensation we must return to the com- 
partments and multiply the recorded height of each by a factor appropriate to 
the assumed depth of compensation, The algebraic sum of the products 
obtained is the deflection which the topography and its compensation are 
together competent to produce if the theory of Isostasy holds good. 
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In making this calculation all the topography within 2,000 miles of the 
station is taken into account, so that, even if a variation in the depth of com- 
pensation were possible, when once a iJepth has been adopted in the investiga- 
tion of the deflection at any station, this depth cannot be departed from in the 
investigation of the deflection at any other station situated within a distance of 
2,000 miles of the first, without involving us in an inconsistency; for it is 
clearly inadmissible to suppose that there are two depths of compensation 
underlying the same area. 

Turning again to Mr. Hayden’s paper the following passage is found on 
page 157.— Table 3 shows the deflection along certain lines including some of 
those selected by Colonel Burrard. I have not, however, restricted myself to a 
depth of 118°7 km., but give figures also for 329°8 km. The result is instruc- 
tive in that it indicates a possibility, not I think hitherto considered, that the 
depth of compensation under the Himalaya may be different from that under 
the rest of India, for it will be noticed that if thesc depths be assumed to be 
$29°'8 km. and 113°7 km, respectively, the calculated difference of deflection 
is in four cases out of five almost exactly the same as the observed differ- 
-ence.”’ 

But in view of what has been said above it will be seen that this apparent 
agreement has no significance, for if 113-7 km. is the depth of compensation 
for the stations in the plains, that must also be the depth for the Himalayan 
stations, for the latter are not as a rule more than 100 miles distant from the 

‘former. The two calculations are based on incompatible assumptions and the 
results obtained cannot be used in support of any theory. 

It would be possible to apply factors corresponding to different depths of 
compensation to the various compartments into which the zones surrounding 
the stations were divided in the analysis of the topography, and so to build up 
values for the deflections at the stations on an assumption of a sort of sloping 
floor of compensation, but this would be quite inconsistent with Mr. Hayford’s 
theory of Isostasy, and to make such a calculation except in accordance with 
some definite and reasonable theory would be waste of time. 

On page 161 Mr. Hayden says, “ If, lastly, we assume that complete com- 
pensation takes place at the surface throughout the whole area to the south of 
the Himalaya the mean residual . . . . amounts to only 0°°54. This is no 

_doubt an improbable solution ... .” 

It is more than improbable, it is quite impossible. It means that the 
whole of the matter above sea-level has no density at all and is incapable of 
exerting any attraction. 

The fact that the algebraic sum of the residuals over this area is small is 
fortuitous and has very little significance. ‘lhe smallness of the algebraic mean 
of the residuals is nocriterion of the truth of the nypothesis on which the 
calculations have been based: the true criterion is the smallness of the sum 
of the squares of the residuals. In Professional Paper No. 13 the algebraic 
means of the residuals found in the several regions into which India was divided 
by Colonel Burrard,* were legitimately used by Major Crosthwait ; for the 
_ object in view was to ascertain whether when the deflections are calculated 
according to Mr. Hayford’s hypothesis there is any tendency for a persistence 
. of sign to occur. If no such tendency had been found it would have been 
. evidence that Mr, Hayford’s theory had accounted for the peculiarities which 
had led Colonel Burrard to divide the country into regions each with its special 


® Vol. XVIII of the Account of the Operations of the G. T. Survey. 
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characteristic. It was found, however, that there was a very strong tendency 
to persistence of sign, as the following figures show :— 


Region No. }, 6 residuals. All negative ‘ , Mean —16 
2, 4 ,; 2 positive, 2 negative ; — 9 
3, 10_—SC—=», All positive . ‘ ; ; + 8 
4, 6 SCs, All positive . : : P + 65 
5, 2). 5; 18 positive, 1 negative, 2 zero. + 4 
7, 28, 20 negative, 3 positive, | zero — § 
8, yar 12 negative, 3 positive, 2 zero. — 2 
9, 14 —SOC,, 8 positive, 4 negative, 2 zero + 1 


The persistence of sign in the several regions is extremely remarkable and 
shows that the peculiarities of the regions are real and not to be explained by 
any general assumption of isostatic compensation. 
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The Standards of Measure and the Base-Lines, also an Introductory Account of the early Operations of the 
Survey, during the period of 1800-1830. By Colonel J. T. Walker, R.E., F.R.S., etc., etc., Superinten- 
dent of the Survey. Dehra Din, 1870 (out of print). 


History and General Description of the Principal Triangulation, and of its Reduction. By Colonel J. 7. 


Walker, C.B., R.E., F.R.S., ete., etc., Surveyor General of India and Superintendent of the Survey, and 
his Assistants. Dehra Din, 1879 (out of print). 


The Principal Triangulation, the Base-Line Figures, the Karachi Longitudinal, N. W. Himalaya, and the 
Great ladas Series of the North-West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., etc., ete., 
Superintendent of the Trigonometrical Survey, and his Asststants. Dehra Din, 1873 (out of print). 


The Principal Triangulation, the Great Are—Section 24°—30°, Rahiin, Gurhagarh and Jogi-Tila Meridional 
Series and the Sutlej Series of the North-West Quadrilateral. By Colonel J. T. Walker, R.E., F.R.8., 
etc., etc., Superintendent of the Trigonometrical Survey, and his Assistants. Dehra Din, 1876. 


General Description of the Principal Triangulation of the Jodhpore and the Eastern Sind Meridional 
Series of the North-West Quadrilateral, with the Details of their Reduction and the Final 
Results. Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel C. T. 
Haig, R.E., Officiating Deputy Surveyor General in charge, and published under the orders of 
Colonel G. C. DePrée, 8.C., Surveyor General of India. Dehra Din, 1886. 


Details of the Pendulum Operations by Captains J. P. Basevi,’ R.E., and W. J. Heaviside, R.E., 
and of their Reduction. Prepared under the directions of Major-General J. T. Walker, C.B., 
R.E., F.R.S., etc., ete., Surveyor General of India and Superintendent of the Trigonometrical 
Survey. Debra Din and Calcutta, 1879. 


The Principal Triangulation of the South-East Quadrilateral, including the Great Arc—S¢gtion 
18° to 24°, the East Coast Series, the Calcutta and the Bider Longitudinal Series, the Jabalpur 
and the Biléspur Meridional Series, and the details of their Simultaneous Reduction. Prepared 
under the directions of Major-General J. T. Walker, C.B., R.E., F.R.S., etc. etc., Surveyor 


General of India and Superintendent of the Trigonometrical Survey. Dehra Din, 1880 
(out of print). 


General Description of the Principal Triangulation of the North-East Quadrilateral, including the 
Simultaneous Reduction and the Details of five of the component Series, the North-Eust Longi- 
tudinal, the Budhon Meridional, the Rengir Meridional, the Amua Meridional, and the Karara 
Meridional. Prepared under the directions of Liteutenant-General J. T. Walker, C.B., R.E., 


F.R.S., etc., etc., Surveyor General of Indiaand Superintendent of the Trigonometrical Survey. 
Dehra Din, 1882. 


Details of the Principal Triangulation of eleven of the component Series of the North-East Quadri- 
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Meridional, the Eastern Frontier—Section 23° to 26°, and the Assam Longitudinal. Prepared 
under the directions of Lieutenant-General J. T. Walker, C.B., B.E., FRS, etc., ete., Surveyor 
General of India and Superintendent of the Trigonometrical Survey. Dehra Din, 1882, 

mies ckerpnie Longitude Operations executed aL the years 1875-77 and 1880-81, by 
Lieutenant-Colonel W. M. Campbell, R.E., and Major W. eaviside, R.E. Prepared under the 
directions of Lieutenant-General J. T. Walker, CB. R.E., F.B.S,, etc. etce., Surveyor General 
of India and Superintendent of the Trigonometrical Survey. Dehra Din, 1883. 


Electro-Telegra hic Longitude Operations executed during the years 1881-82, 1882-88, and 1683-84, by 
Major G. Strahan, RE. and Major W. J. Heaviside, R.E. Prepared under the directions o 
Colonel C. T. Haig, R.E., Deputy Surveyor General, Trigonometrical Branch, and published under 
the orders of Colonel H. R. Thui lier, BE., Surveyor General of India. Dehra Dan, 1887. 


Astronomical Observations for Latitude made during the Yoried 1805 to 1885, with a Genera) 
Description of the Operations and Final Results. Prepared under the directions of Lieutenant. 
Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical Branch, and published 
under the orders of Colonel H. is Thuillier, R.£., Surveyor General of India. Dehra Dan, 1890. 


General Description of the Principal Triangulation of the Southern Trigon, including the Simultane- 
ous Reduction and the Details of two of the component Series, the Great Are Meridional— 
Section 8° to 18°, and the Bombay Longitudinal. Prepared under the directions of Lieutenants 
Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical Branch, and published 
under the orders of Colonel H. R. Thusllier, K.E., Surveyor General of India. Dehra Din, 1890. 


Details of the Principal Triangulation of five of the component Series of the Southern Trigon, in- 
cluding the following series; the South Konkun Coast, the Mangalore Meridional, the Madras 
Meridional and Coast, the South-East Coast, and the Madras Longitudinal. Prepared «under the 
pili of Lteutenant-Colonel G. Strahan, R.E., Deputy Surveyor General, Trigonometrical 


ranch, and published under the orders of Colonel H. R. Thuiller, BE, S 
General of India. Dehra Din, 1890. - : ch a 


General Description of the Principal Trisngulation of the South-West Quadrilateral, including the 
Simultaneous Reduction and the Detaile of its component Series. Prepared under tho directions 


of W. H. Cole, Esq., M.A., Officiating ya Surveyor General, Trigun: metrical Branch, and 


dete under the orders of Cclonel H. Thutliser, R.E., Surveyor General of India. 
ehra Dan, 1890. 
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XV. Electro-Telegraphic Longitude Operations executed during the years 1885-86, 1887-88, 1889-90 and 1891-92, 
and the Revised Results of Arcs contained in Volumes IX and X ; also the Simultaneous Reduction and the 
Final Results of the whole of the Operations. Prepared under the directions of Colonel G. Strahan, 
R.F., Deputy Surveyor General, Driganomelvical Branch, and published under the orders of Colonel 
Hi. R. Thuillier, R.E., Surveyor General of India. Debra Din, 1893. 


XVI. Details of the Tidal Observations taken during the period from 1873 to 1892 and a Description of the 
Methods of Reduction.. Prepared under the directions of Major S. G. Burrard, R.E., Superintendent, 
Trigonometrical Surveys, and published under the orders of Colonel St. G. C. Gore, R.E., Surveyor 
General of India. Dehra Din, 1901. 


XVII. Electro-Telegraphic Longitude Operations executed during the years 1894-95-96. The Indo-European Arcs 
from Karachi to Greenwich. Prepared under the directions of Major §.G. Burrard, R.E., Superin- 
tendent, Trigonometrical Surveys, and published under the orders of Colonel St. G. C. Gore, R.E., 
Surveyor General of India. Dehra Dan, 1901. 


XVIII. Astronomical Observations for Latitude made during the period 1885 to 1905 and the Deduced Values of the 
Deflections of the Plumb-line. Prepared under the directions of Lieutenant-Colonel 8. G. Burrard, 
R.E., F.R.S., Superintendent, Trigonometrical Surveys, and published under the orders of Colonel 
F. B. Longe, R.E., Surveyor nea of Indsa. Dehra Dan, 1906. 


XIX. Levelling of Precision in India (1858 to 1909). By Colonel S. G. Burrard, R.E., F.R.S., Superinten- 
dent, Trigonometrical Surveys. Dehra Din, 1910. 


XIXA. Descriptions and Heights of Bench-marks on the Southern Lines of Levelling. Prepared under the 


directions of Colonel S. G. Burrard, R.E., F.B.S., Superintendent, Trigonometrical Surveys. Dehra 
Dan, 1910. Price Rs. 5. 


XIXB. Descriptions and Heights of Bench-marks on the Northern Lines of Levelling. Prepared under the 


directions of Colunel S. G. Burrard, R.E., F.R.S., Superintendent, Trigonometrical Surveys. Dehra 
Din, 1910. Price Rs. 5. 
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R.E., F.R.S., ete. ete, Superintendent of the Trigonometrical Survey, and hts Assistants. 
Dehra Din, 1874. 


II. The Great Arc—Section 24° to 30°, or Series A of the North-West Quadrilateral. By Colonel J. T. 


id R.E., F.R.S., etc., etc., Superintendent of the Survey, and his Assistants. Dehra Dan, 
1874. 


III. The Karachi Longitudinal Series, or Series B of the North-West Quadrilateral. By Colonel J. T. 


Walker, R.E., F.RS., etc., ete, Superintendent of the Survey, and his Assistants. Dehra Din, 
1874. 


IV. The Gurhagarh Meridional Series, or Series F of the Noith-West Quadrilateral. By Colonel J. 7. 


Walker, R.E., F.R.S., etc., etc., Superintendent of the Survey, and his Assistants. Dehra Dan, 
1876. 


V. The Rahin Meridional Series, or Series E of the North-West Quadrilateral. By Colonel J. T. 


Walker, R.E., F.R.S., etc., etc., Superintendent of the Survey,and his Assistants. Dehra Dan, 
1875. 


VI. The Jogi-Tila Meridional Series, or Series G, and the Sutlej Series, or Series H of the North-West 


Quadrilateral. By Colonel J. T. Walker, R.E., F.R.S., etc., etc., Superintendent of the Survey, 
and his Asststants. Dehra Din, 18785. 


VII. The North-West Himalaya Series, or Series C of the North-West Quadrilateral, and the Triangula- 
tion of the Kashmir Survey. By Major-General J. T. Walker, C.B., R.E., F.RS., ete., etc., 
Surceyor General of India and Superintendent of the Survey and his Assistants. Dehra Din. 
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lateral. Prepared in the Office of the Trigonometrical Branch, Survey of India, Colonel C. T. 
Haig, R.E., Deputy Surveyor General, in charge, and published under the orders of Colonel H. R. 
Thuillier, R.E., Surveyor General of India; Dehra Din, 1887. 


VIII. The Great Arc—Section 18° to 24°, or Series .4 of the South-East Quadrilateral. By Colonel J. T. 
LA ae R.E., F.R.S., ete., etc., Superintendent of the Survey, and his Assistants. Dehra 
Dan, 1878. 


IX. The Jabalpur Meridional Series, or Series EH of the South-East Quadrilateral. By Colonel J. T's 
Walker, CB. R.E., F.R.S., etc. etc., Surveyor General of India and Superintendent of the 
Survey and his Assistants. Dehra Din, 1878. 


X. The Bider Longitudinal Series, or Series D of the South-East Quadrilateral. By Muyjor-General 
J. T. Walker, C.B., R.E., F.B.S., ete. etc., Surveyor General of India and Superintendent of 
the Survey, and his Assistants. Dehra Din, 1880. 


XI. The Bilaspur Meridional Series, or Series F of the South-East Quadrilateral. By Major-General 
J. 


T. Walker, C.B., R.E., F.R.S., etc, etc., Surveyor General of India and Superintendent of 
the Survey, and his Assistants. Dehra Din, 1880. 


XM. The Calcutta Longitudinal Series, or Series B of the South-East Quadrilateral. By Major-General 
J. 


T. Walker, C.B., R.E., F.R.S., etc, etc., Surveyor General of India and Superintendent of the 
Survey, and his Assistants. Dehra Din, 1880. 


XIII. The East Coast Series, or Series C of the South-East Quadrilateral. By Major-General J. T. Walker, 
CB. R.k., F.R.S., etc., etc., Surveyor General of India and Superintendent of the Survey, and 
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Quadrilateral. Prepared in the Office of the Titgoncmetrical Byanch, Survey of India, Colonel C. T. 
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The Rangir Meridional Series, or Series K of the North-East Quadrilateral. By Lieutenant-Ceneral J. 7 
Walker, C.B., R.E., F.R.S., etc., ete. Surveyor General of India and Superi bey, 
thd Me, Dates DEAS. urveyor General of India and Superintendent of the Survey, 


The Amua Meridional Series, or Series Z, and the Karaira Meridional Series, or Series M of the 


North-East Quadrilateral. By Lieutenant-General J. T. Walker, C.B., R.E., F.R.S., ete, ete. 
Surveyor General of India, and Superintendent of the Survey, and his Assistants. Dehra Din, 1883. ° 
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Quadrilateral. By Lieutenant-General J. T. Walker, C.B., R.E., F.R.8., ete, etc, 8 : 
General of India and Superintendent of the Survey, and his Assistants. Dehra Dian, 1883. pene segs 


The HurilAong Meridional Series, or Series P, and the Chendwar Meridional Series, or Series Q of the 


North-East Quadrilateral By, Liewtenant-General J. T. Walker, C.B, R.E., F.B.S., et t 
Surveyor General of India'and Superintendent of the Survey, and his Assistants. Dehra Din, 1883, e 


The North Pardsnath Meridional Sories, or Series FR, and the North Malincha Meridional Series, or Series 
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The South Konkan Coast Series, or Series C of the Southern Trigon. Prepared in the Office of the 


Trigonometrical Branch, Survey of India, Colonel G. Strahan, R.E., Deputy Surve G a | 
riding tae under the orders of Colonel H. R. Thuillier, B.E., Sunviver General “of India. 
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The Mangalore Meridional Series, or Series D of the Southern Trigon. Prepared tn the O 
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charge, and published under the orders of Colonel H. R. Thuillier, R.E., li 
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The South-Fast Coast Series, or Series F' of the Southern Trigon. Prepared in the Office th n 
metrical Branch, Survey of Indta, Colonel G. Strahan, R.E., Desute Serstge Gael ae 
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LEVELLING OF PRECISION IN INDIA AND BURMA. 


Obtainable from the Superintendent of the Trigonometrical Survey, Debra Dun, U. P. 


Each pamphlet corresponds to a sheet of the one-millionth map and contains the heights and descriptions of all Bench- 
marks that lie within the area that the sheet covers. Printed and published at Dehra Dan. 


Price Rupees 2 per pamphlet except where otherwise stated. 


; é Year of publi- Sheet ‘ ‘ | Year of publi- 
Latitude. | Longitude. cation: | No. Latitude. Longitude. | hee 

Dehra Dan. 1911. | Indis 57 12°—16° 76°—80° | Debra Din. 1912. 

» » 1912. Pa 58 8° —12° 76°—80° 3 » 1913. 

” » 1918. - 63 24°—28° 80°—84° 3 » I911. 

” » 1911. Fe 64 20°—24° ' 80°—84° i » 1912. 

Fe » 19183. ee 65 16°—20° 80°—84° * » 1913. 

» » 1918 Ps 68 12°—16° 80° —84° s » 1912. 

» » 1912 a 72 24°—28° 84°—88° on » 1912. 

” » 1911 Pa 73 20°—34° 84°—88° rr » 1913. 

? 99 1912 r.) 74 16°—20° 84°—88° . .) 1913. 

» » 1912 a 78 24°—28° gs°—92° | ,, » 1912. 

Ps » 1912 - 79 20°—24° 88°-—92° am » 1912. 

* » 1911 se 83 24°—28° 92°—96° ” » 1912. 

‘ » 1912. ] Burma | 84 20°—24° 92°—96° #3 » 911. 

‘s » 1912 85 16°—20° 92°—96° a » 1913. 

. » 1911 = 92 24°—28° 96°—100° | _,, » 1911. 

a » 1912 “3 93 20°—24° 96°—100° | ,, » I911. 

ee » 1912 94 16°—20° 96°—190° i » 911. 

* Price Re. 1 


PROFESSIONAL PAPERS OF THE SURVEY OF INDIA. 
Price Rupee 1 per volume, except where otherwise stated. 
No. 1. On the Projection for a Map of India and adjacent Countries onthe scale of 1: 1000000. By Colonel St. G. C. 
Gore, R.E. Second Edition, Dehra Dian, 1903. 


,, 2 Method of measuring Geodetic Bases by means of Metallic Wires. By M. Jdderin. (Translated from Mémoires 
Présentés par Divers Savants a l’Académie des Sciences de l'Institut de France). Dehra Din, 1899. (Out of print). 


», 3. Method of measuring Geodetic Bases by means of Colby’s Compensated Bars. Compiled by Lieutenant H. 
McC. Cowie, R.E. Debra Din, 1900. (Out of print). 


»» 4 Notes on the Calibration of Levels. By Lieutenant EF. A. Tandy, R.E. Dehra Din, 1900. (Out of print.) 


» 6. The Attraction of the Himalaya Mountains upon the Plumb-Line in India. Considerations of recent datu. By 
Major 8S. G. Burrard, R.E. Second Edition. Dehra Dan, 1901. Price Rs. 2. 


» 6. Account of a Determination of the Co-efficients of Expansion of the Wires of the Jaéderin Base-Line Apparatus. By 
Captain G. P. Lenox Conyngham, R.E. Dehra Din, 1902. 


» 7. Miscellaneous. Calcutta, 1903. 


(1) On the values of Longitude employed in maps of the Survey of India. (2) Levelling across the Ganges at 
Damukdia. (3) Experiment to test the increase in the length of a Levelling Staff due to moisture and 
temperature. (4) Description of a 8un-dial designed for use with tide ganges. (5) Nickel-steel alloys 
and their application to Geodesy. ‘(Translated from the French.) (6) Theory of electric projectors. 
(Translated from the French). 


; 8. Experiments made to determinethe Temperature Co-efficients of Watson’s Magnetographs. By Captain ZZ. 
Denholm Fraser, R.E. Calcutta, 1905. Ag OELORTaP ¥Y Vaptain A. 


» 9 An Aocount of the Scientific work of the Survey of India and a Comparison of its progress with that of Forei 
pak tg ae Eke the use of the Survey Committee, 1905, by Lieutenant-Colonel S. G. Burrard, BE. 
.R.S. Caleutta, ; 


» 10. ra ee Operations in India, 1903 to 1907. By Major G. P. Lenox Conyngham, R.E. Dehra Dan, 1908. 
mce; hs. 6-5. 


,, Ll. Observation of Atmospheric Refraction, 1905-09. By H. G. Shaw, Survey of India. Debra Dan, 1911 


» 12. ae Origin of the Himalaya Mountains. By Colonel S.G. Burrard, C.8.I., R.E., F.R.S. Calcutta, 


», 18. Investigation of the Theory of Isostasy inIndia. By Major H.L. Crosthwait, R.E. Dehra Din, 1912. 


14. Formule for Atmospheric Refraction and their application to Terrestrial Refraction and Geodesy. By J. de Gr 
° Hunter, M.A. Dehra Din, 1918. Price Rs. 2. y y aaf 


MISCELLANEOUS PUBLICATIONS OF THE SURVEY OF INDIA. 
1. On the Vernier Class of Theodolite: mene from the heads of a lecture, by Lieut.-Colonel A. Scott Waugh, R.E., 
F.R.G.S., etc. By J. B. N. Hennessey, F.R.G.S., 1859. 


2. Instructions for Topographical Surveying. By Lieut.-Colonel Sir A. Scott Waugh, R.E., F.B.G.S., etc. Roorkee, 
1861. 

3. Practical instructions for conducting Trigonometrical Survey Operations. By Lieut.-Colonel A.S. Waugh, R.E., 
F.R.G.S., ete. Dehra Din, 1865 (out of print). 


4. Memoranda on Levelling Operations. By Lieut.-Colonel J. T. Walker, R.E., F.R.S., etc. Roorkee, 1868. 

Report on the Recent Determination of the Longitude of Madras. Calcutta, 1897. 

Star Charts for latitude 20° N. By Colonel J. R. Hobday, I.S.C. Calcutta, 1900. Price Re. 1-8. 

Specimens of the Papers set at Examinations for the Provincial Service. Dehra Dan, 1903. Gratis. 

Noies on the Theory of Errors of Observation. By J. Eccles, M.A. Dehra Dian, 1903. Price As. 8. 

On the projection used for the General Maps of India, Debra Din, 1903. 

40. Star Charts for Latitude 30° N. By Lieut.-Colonel S. G. Burrard, R.E., F.R.S. Dehra Dan, 1906. Price Rs, 1-8. 
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1]. A Sketch of the Geography and Geology of the Himalaya Mountains and Tibet. By Colonel §. G. Burrard, RE., 
F.R.S., Superintendent, Trigonometrical Surveys, and Mr. H. H. Hayden, B.A. F.G.S., Superintendent, Geological 
Survey of India, Calcutta, 1907-08. 


Part J.—The High Peaks of Asia. 
is II.—The Principal Mountain Ranges of Asia. 
»  III.—The Rivers of the Himalaya and Tibet. 
- I1V.—The Geology of the Himalaya. Price Re. 2 per part. 
12. Routes in the Western Himalaya, Kashmir, etc. By Lieut.-Colonel T. G. Montgomerie, R.E., F.R.S., F.B.G.8,, 
Third Edition. Revised and corrected. Dehra Din, 1909. (Oat of print). 


13. On a Simplification of the Computations relating to Rectangular Co-ordinates. By J. A. Eccles, M.A., Offictateng 
Superintendent, Trigonometrical Surveys. Dehra Dan, 1911. 


14. Notes on the Use of Thermometers, Barometers and Hypsometers with Tables for the Computation of Heights. Bs 
J.de Graaff Hunter, M.A. Dehra Dato, 1911. 


PUBLICATIONS FOR DEPARTMENTAL USE ONLY. 
1. Report on the Mussoorie and Landour, Kumaon and Garhwal, Ranikhet and Kosi Valley Surveys extended to Peshawar 
and Khagan Triangulation during 1869-70, by Major T. G. Montgomerie, R.E. (Qut of print). 


2. Report of the cartes arnie Applications of Photography as used in the Topographical Departments of the Principal 
States in Central Europe. By Colonel J. Waterhouse. Calcutta, 1870. 


3. Report of the Operations connected with the Observation of the Total Solar Eclipse of 6th April 1875 at Camorta in the 
Nicobar Islands. By Colonel J. Waterhouse. Calcutta, 1875. (Out of print). 


4. Account of the Survey Operations in connection with the Mission to Yarkand and Kashghar in 1873-74. By Captain 
Henry Trotter, R.E. Calcutta, 1875. 


5. The application of Photography to the Reproduction of Maps and Plans by the Photo-Mechanical and other Processes. By 
Colonel J. Waterhouse. Calcutta, 1878. (Out of print). 


6. Index to Circular and Departmental (Professional) Orders from lst January 1878 to 3lst December 1887. Dehra Dan, 1888. 


7. Metric Weiguts and Measures and other Tables. Prepared for the use of the Photographic and a Se ape O fices, 
Survey of India, by Colonel J. Waterhouse, B.S.C., Asststant Surveyor General of India, assisted by W. H. Cole, Esq., 
M.A., and 1. Archdale Pope, Esq., Survey of India. Calcutta, 1889. (Out of print). 


8. The Practical Notes on Preparation of Drawings for Photog-aphic Reproductions. By Colonel J. Waterhouse. Calcutta, 
1890. - 
9. Catalogue of 249 Stars for the epoch January 1, 1892, from observations by the Great Trigonometrical Survey of India. 
Dehra Dan, 1893. 
10. Report on Local Attraction in India, 1893-94. By Captain 8. G. Burrard, R.E. Calcutta, 1895. (Out of print). 
11. Instructions for taking Magnetic Observations. By J. Eccles, M.A. Dehra Din, 1896. 
12. Report on the Trigonometrical Results of the Earthquake in Assam. Calcutta, 1898. 
13. The Total Solar Eclipse, January 22, 1898. Dehra Din, 1898. 
(1) Report on the observations at Dumraon. 
(2) Report on the observation at Pulgaon. 
(3) Report on the observations at Sahdol. 
14. Circular Orders (Administrative) issued from 1878 to 3lst December 1903. Calcutta, 1904. 
15. Report on the Identification and Nomenclature of the Himalayan Peaks as seen from Katmandu, Nepal. Calcutta, 1904. 


16. Notes on the use of the Jaderin Base-line Apparatus. Prepared under the direction of Lieutenant-Colonel F. B. 
Longe, R.E. Dehra Din, 1904. 


17. The reproduction of Maps and Drawings—a hand-book for the use of Government officials and others who prepare Maps 
Plans and other subjects for reproduction in the Photographic and Lithographio office of the Survey of India. By 7. A. Pope, 
Calcutta, 1905. 


18. Rainfall from 1868 to 1903, measured at the G. T. Survey Office. Dehra Din. 
l 


19. Notes on the Topographical Survey of the Sheets of Algeria by the Topographical Section of the “ Service Géogra. 
phique de l'Armée.”. By Captain W. M. Coldstream, R.E. Calcutta, 1906. 


20. Instructions for the preparation of Maps of the one-inch Standard Sheets, etc. Under the direction of Colonel F. B- 
Longe, R.E. Simla, 1907. (Out of print). 


21. Notes on the Drawing of New Standard Maps. By Major W. M. Coldstream, R.E. Calcutta, 1908. 
22. Circular Orders (Administrative) issued from 1904 to 3lst December 1908. Calcutta, 1909. 
23. Report on Rubber Offset Printing for Maps. By Major W. M. Coldstream, R.E. Calcutta, 1911. 


24. Notes on Printing Papers suitable for Maps andon Whatman Drawing Paper. By Major W. M. Coldstream, R.E. 
Calcutta, 1911. 


25. Report on the oe of the Light Field Litho Preas (Experimental) in November and December 1910 with Appendicee* 
By Lieutenant A. A. Chase, #.E. Calcutta, 1911. 


(1) Notes on Some of the Methods of Reproduction suitable for the Field. 
(2) Suggested Equipment Tables for the Light Field Litho Press (Experimental). 


26. Note on a Change of the Axes of the Terrestrial Spheroid in relation to the Triangulation of the G. T. Survey of India. 
By J. de Graaff Hunter, M.A. Debra Dan. (Out of print). (To be printed in the form of a Professional Paper.) 


27. Miscellaneous Papers relating to the Measurement of Geodetic Bases by Jiaderin Invar Apparatus. Dehra Dan, 1912. 

28. On the deformation resulting from the method of constructing the International Atlas of the World on the scale of one to 
one million. By M.Ch. Lallemand. Translated by J. Eccles, M.A., together with tables for the projection of ] Maps on the 
International system. Dehra Din, 1912. 

29. A Note on the different methods by which hills can be represented upon maps. By Colonel Burrard, Surveyor General. 

30. A Note by Major C. L. Robertson, C.M.G., R.E., on the representation of hills. Dehra Dan, 1912. 

31. A Note on the representation of hills on the Maps of India. By Major F. W. Pirrie, I.A. Dehra Dia, 191%, 


32. Report on a trial of the equipment of the lst (Prince of Wales’ Own) Sappers and Miners for reproduciug mapas ia the 
seld. By Lieutenant A. A. Chase, R.E. Calcutta, 1912. 
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33. A consideration of the Contour Intervals and Colour Scales best suited to Indian i mays. By Captain M.O'C. Tandy, 


R.E. Calcutta, 1913. 

34. Notes on the “Vandyke” or Direct Zinc Printing Process, with details of Apparatus and Chemicals required for a small 
section. Compiled in the Photo. and Litho. Office, Survey of India, under the direction of Colonel T. F. B. Renny-Tatlyour,. 
C.8S.I., B.E., Offg. Surveyor General of India. Calcutta, 1913. 


Departmental Paper Series. 
ae A consideration of the most suitable forms of type for use on maps. By Captain M. O'C. Tandy, R.E. Dehra. 
Dan, 1913. 
‘ No. 2. A review of the Boundary Symbols used on the maps of various countries. By Captain M. O'C. Tandy, R.E- 
Dehra Dan, 1913. 
No. 3. Extract from “ The New Map of Italy, Scale 1: 100,000". By Lutgi Giannitrapant. Translated from the Italian. 
by Major W. M. Coldstream, R.E. Dehra Din, 1913. 
No. 4. A report on the brat of Town Surveys in the United Kingdom and its application to India. By Major C. L. 
Robertson, C.M.G., R.E. Dehra Dan, 1913. 
a ane The Thompson Stereo-plotter and its use with notes on the field work. By Lieutenant K. Mason, R.E. Dehra. 
an, es 


HAND-BOOKS OF THE SURVEY OF INDIA. 


1. Hand-book of General Instructions for the Survey of India Department. Third Edition. Calcutta, 1907. Price Rs. 3. 
(Fourth Edition is under publication.) 

2. Hand-book of Professional Instructions for the Trigonometrical Branch, Survey of India Department. Sccond Edition, 
Calcutta, 1902. Price Rs. 3. 

#3, Hand-book of Professional Instructions for the Topographical Branch, Survey of India. Third Edition. Caleutta, 1905. 
Price Rs, 3. 

4. Auxiliary Tubles to facilitate the calculations of the Survey of India. Fouith Edition, revised and extended. Dehra Dian, 
1906. Price Rs. 4in cloth and calf, or Rs. 2 in paper and boards. 

5. Table for determining Heights in Traversing. Dehra Din, 1898 Price As. 8. 

6. Tables for Graticules of Maps. Extracts from the Auxiliary Tables of the Survey of India for the use of Exploreis. 
Dehra Dan, 1910, Price As. 4. 

7. Logurithmic Sines and Cosines to 5 places of decimals. Dehra Din, 1886. Price As. 4, 

8, Common Logarithms to 5 places of Decimals. 

9. Tables of distances in Chains and Links corresponding to a subtense of 20 feet. Dehra Din, 1889. Price As. 4. 


REPORTS ON EXPLORATIONS. 
1. Report on the Explorations in Great Tibet and Mongolia, made by A—K., in. 1879-82. Dehra Din, 1891. Price Rs. 3. 
2. Report on the Trans-Himalayan Explorations during 1867. (Out of print.) 
1868. Dehra Din, 1869. (Ont of print.) 
4. » 5 5 a r 1869. (Out of print). 
1870. Dehra Din, 1871. Price Re. 1. 
1875-76 and 1878. Dehra Dtn, 1879. (Out of print). 
1878. Calcutta, 1880. (Out of print). 


6. ” ” 99 ; ” 9 
7. 9” 33 99 
8. Report on the Explorations of :— 
(az) Lama Serap Gyatsho, 1856-68, . 
(6) Explorer K—P., 1880-84, 
(c) Lama U. G., 1883. 
(d) Explorer R. N., 1885-86, 
(ec) Explorer P. A., 1885-86, 
fo Sikkim, Bhutan and Tibet. Dehra Din, 1889. (Out of print.) 
; 9. i Report on the Explorations in Nepal and Tibet by Explorer M—H.~ (Season 1885-86.) Dehra Dian, 1887. (Out 
of print). 
: 10. Explorations on the Tsan-po in 1880-84, by Explorer Kinthup. Dehra Din, 1911. (Out of print.) 
: aa on the Survey Operations, Miri Mission, 1911-12. By Lieutenant C.G. Lewis, R.E. Dehra Dan, 1913. (Out 
of print). 
12. Report on the Survey Operations, Hkamti Long Expedition, 1911-12. By Lieutenant E. B. Curdew, R.E. Dehra Dan, 


1912. (Out of print). 
13. Report on the Survey Operations, Mishmi Mission, 1911-12. By Captain C. P. Gunter, R.E. Dehra Dap, 1912, (Out 


of print). 


CATALOGUE OF SCIENTIFIC BOOKS, ETC., ETC. 
1. Catalogue of Books in the Head-Quarters Library, Calcutta, 1901. (Out of print.) 
9. Catalogue of Maps published by the Survey of India. Calcutta, 1910. (Out of print). 
3, Price List of Mathematical Instrament Office. Calcutta, 1913. (Out of print). 


* The following chapters of a revised edition of this Hand-book are available for issue in pamphlet form :— 
Chapter I.—Introductory. 

II.—Constitution and Organization of a Survey Party. 
1JJ.—Triangulation and its Computation. 
IV.—Traversing and its Computation. 

V.— Plaze-tabling. 
.»  WI.—Fair Mapping. 
¥U¥.—Trans-frontier Reconnaissance. 
1X.—Forest Surveys and Maps. 

X.—Reproduction of the Sheets of the one-inch Map. 
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4. Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical Survey Office. Dehra Dan, 1998. 
Price Re. 1. 


5. Catalogue of*Books in the Library of the Trigonometrical Survey Office. Dehra Din, 1911. Price Re. 1. 


ANNUAL GENERAL REPORTS ON THE OPERATIONS OF THE SURVEY OF INDIA. 
Price of each volume from 1877 to 1900 Rs. 3. 


- és PA » 1901 to 1913 ,, 2. 
Revenue Reports ° : ‘ . 1851 to 1877.—(1857 to 1870 out of print). 6 
Topographical Reports : : . 1861 to 1877.—(1862 to 1866 and 1872 to 1875 out of print). 


Trigonometrical Reports. ; . 1861 to 1878.—(1863 to 1867 and 1868-69 out of print). 


EXTRACTS FROM NARRATIVE REPORTS OF THE SURVEY OF INDIA. 


Price Rupees 1-8 per volume. 


1. 1900-01. Recent Improvements in Photo-Zincography. G. T. Triangulation, Upper Burma. Latitude Operations. 
Experimental Baee Measurement with Jaderin Apparatus. Magnetic Survey. Tidal and Levelling Report. Topography in 
Upper Burma. Calcutta, 1903. (Out of print). 


3. 1901-02. G.T. Triangulation, Upper Burma. Latitude Operations. Magnetic Survey. Tidal and Levelling Report. 
‘Topography in Upper Burma. Topography in Sind. Topography in the Punjab. Calcutta, 1904. 

3. 1902-03. Principal Triangulation, Upper Burma. Topography. Upper Burma. Topography, Shan States. Survey of 
the SAimbhar Lake. Latitude Operations. Tidal and Levelling Operations. Magnetic Survey. Introduction of the Contract 
System of Payment in Traverse Surveys. Traversing with the Subtense Bar. Compilation and Reproduction of Thina Maps. 
Calcutta, 1905. 


4. 1903-04. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Astronomical 
Azimuths. Utilisation of vid Traverse Data for Modern Surveys in the United Provinces of Agra and Outlh. Identification of Snow 
Peaks in Nepal. Topographicai Surveys in Sind. Notes on Town and Municipal Surveys. Notes on Riverain Surveys in the 
Punjab. Culcutta, 1906. 


5. 1904-05. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Triangu'ation in Beli- 
chistan. Survey Operations with the Somaliland Field Force. Calcutta, 1907. 


6. 1905-06. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Extract from the 
Narrative Report of No. 11 Party. Calcutta, 1909. 


7. 1906-07. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Triangulation in Bula- 
chistan. Astronomical Latitudes. Topographical Surveys in Karenni. Extract from the Narrative Report of No. 11 Party. 
Calcutta, 1909. 


8. 1907-08. The Magnetic Survey of India. Tidal and Levelling Operations. Astronomical Latitules. Pendulum Operations. 
Extract from the Narrative Report of No. 11 Party. Calcutta. 1910 


9. 1908-09. The Magnetic Survey of India. Tidal and Levelling Operations. Peniulum Operations, Triangulation in 
India. Calcutta, 1911. F 


RECORDS OF THE SURVEY OF INDIA. 
Price Rupees 4 per volume. 


Volume I, 1909-10. Topographical Survey. Triangulation. Levelling. Geodetic Survey. Magnetic Survey. Tidal Overa- 
tions. Physiographical Changes. Calcutta, 1912. 


Volume II, 1910-11. Topographical Survey. Triangulation. Tidal and Levelling. Geodetic Survey. Magnetic Survey. 
Reproducing Offices. Calcutta, 1912. 


Volume ITI, 1911-12. Topographical Survey. Triangulation. Tidal and Levelling. Geodetic Survey. Magnetic Survey, 
Reproducing Offices. Calcutta, 1913 


Volume IV, 1911-12-13. Explorations on the North-East Frontier.—North Burma, Mishmi, Abor and Miri Surveys. 
Calcutta, 1914. 


Volume V, Reports of the Survey Parties for 1912-13.—Topographical Survey. Geodetic and Scientific Operations. Calcutta, 
1914. 


SURVEY PUBLICATIONS OTHER THAN THOSE PUBLISHED BY THE SURVEY OF INDIA. 


1. An Account of the Measurement of an Arc of the Meridian between the parallels of 18° 3’ and 24° 7’. By Captain George 
Everest of the Bengal Artillery, F.R.S., etc. Published by the Authority of the Hon. East India Company. London 
1830, (Out of print). : 

2. An Account of the Measurement of two Sections of the Meridional Arc of India, bounded by the parallels of 18° 2’ 13° 
24° 7' 11";and 29° 30’ 48". By Lieutenant-Colonel Everest, F.R.8., etc., late Surveyor General of India, and his Assist. 
ants. Printed by order of the Court of Directors of the Hon. East India Company. London, 1847. 


3. A Memoir on the Indian Surveys. By Clements R. Markham. Printed by order of Her Majesty's Secreta f 
for India in Council. London, 1871. J ry of State 


4. A Memoir on the Indian Surveys. By Clements R. Markham, C.B., F.B.S. Printed by order of Her Majesty's Secre. 
tary of State for India tn Council. Second Edition. London, 1878. 


5. A Memoir onthe Indian Surveys, 1875—1890. By Charles E. D. Black. Printed and published by order of Her 
Majesty's Secretary of State for India tn Council. London, 1891. 


6. (a2) A Manual of Surveying for India, detailing the mode of overations on the Revenue Surveys in Bengal aud the North- 
Western Provinces. Compiled by Captains RB. Smythand H. L. Thuillier, Bengal Artillery. Prepared Sor the use of the 
Survey Department and published by the Authority of the Government of India. Calcutta, 1851. 


(6) A Manual of Surveying for India, detailing the mode of operations on the Revenue Surveys in Bengal and the North 
Western Provinces. Compiled by Captains R. Smythand Wl. L. Thuillier, Bengal Artillery. Prepared for tie use of the 
Survey Department, and published under the Authority of the Government of India. Second Elition. London, 1855. 


(c) A Manual of Surveying for India, detailing the mode of operations on the Trigonometrical, Topographical and Revenue 
Survevs of India. Compiled by Colonel H. L. Thutlier, C.S.I, F.RS., F.R.AS., F.R.G.S., etc., Royal Artillery, and 
Lieutenant-Colonel RB. Smyth, late Bengal Artillery. Prepared fur the use of the Survey Department of India, and 
published under the Authority of the Government of India. Thizd Edition, revised and enlarged. Calcuttn, 1875. (Out of print) 


CALCUTTA 
SUPERINTENDENT GOVERNMENT PRINTING, INDIA 
8, HASTINGS STRERT 
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